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ABSTRACT 
In the present study an attempt was made to evaluate the results of various 
experiments performed under field and glasshouse conditions and to determine 
the efficacy of different organic amendments applied either alone or in 
combinations with either of the two nematicides viz., Carbofuran/Furadan-3G 
and Phorate/Thimet 10-G against the plant-parasitic nematodes attacking 
tomato cv. 'K-25', chilli cv. Tusa Jawala' and okra cv. 'Saimla'. The organic 
additives which included various plant parts and plant products like 'Nimin', 
neem-gold and oils of neem, castor, groundnut and mustard were used as urea 
coating agents for controlling some important plant-parasitic nematodes. Water 
extracts of leaves of some selected plant species and oil cakes were tested for 
their antinemic properties in vitro and as bare-root dip treatment for 
determining their systemic activity against these plant-parasitic nematodes. 
The nematode controlling efficacy of some antagonistic crops was 
evaluated by growing them intermixed with nematode-susceptible crops under 
field conditions. The interculture of antagonistic crops was further aided with 
the application of various organic amendments in order to achieve an integrated 
approach of nematode management. The water soluble fractions of various 
plant leaves and oil cakes were tested against the larval hatching, penetration 
and nematode mortality in vitro. 
The preliminary studies revealed that the fields having kasni singly or 
intermixed with berseem and rizka harboured low populations of plant-parasitic 
nematodes. A thorough study was undertaken to evaluate the practice of mixed-
cropping of these fodder crops against the population of various plant-parasitic 
nei^atodesnmdetjTormal as well as deep ploughed fields. It was observed that 
tkiBSiS 
the populations of Meloidogyne incognita, Tylenchorhynchus brassicae, 
Rotylenchulus reniformis and Hoplolaimus indicus multiplied freely in both 
normal as well as deep ploughed fields, indicating berseem to be a good-host 
for these nematodes, however, Tylenchus fdiformis did not support the crop. 
Similarly rizka appeared to be a good-host for M. incognita, T. brassicae and 
Hoplolaimus indicus in both normal and deep ploughed fields, however, it 
proved to be a poor-host for Helicotylenchus indicus and a non-host for T. 
fdiformis on the basis of their multiplication. In case of kasni, both in normal 
and deep ploughed fields, the population of all the nematodes except M 
incognita, declined significantly. The nematode suppressant efficacy of kasni 
grown intermixed either with berseem or rizka indicated the antagonistic nature 
of this crop towards the population of various plant-parasitic nematodes. 
The nematode controlling efficacy of growing kasni with either berseem 
or rizka greatly enhanced when different beds were also treated with various 
organic amendments/nematicides. Carbofuran in combination with inorganic 
fertilizer was found to be most efficacious followed by phorate and inorganic 
fertilizer against the nematodes. It was followed in order of efficiency by neem 
cake, castor cake, groundnut cake, neem leaves and castor leaves respectively. 
This integrated approach was found to be more effective in deep ploughed 
fields (30 cm deep). 
The reduction in the nematode population had a positive correlation with 
the improvement in the fodder yields of various antagonistic crops. The 
residual effect of neem cake was most pronounced both with respect to control 
the nematode population and to improve the plant growth. 
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A series of various glasshouse experiments revealed that the several 
organic additives when applied in the form of fresh chopped leaves of various 
plant species including Azadirachta indica, Eucalyptus citriodora, Ricinus 
communis, Melia azedarach, Callistemon lanceolatus, Tagetes patula, 
Clerodendrum inerme and Thuja orientalis, at two different doses (50g and 
lOOg/pot) were highly effective in reducing the population densities of 
naturally occurring plant-parasitic nematodes {Tylenchorhynchus brassicae, 
Hoplolaimus indicus, Rotylenchulus reniformis, Tylenchus filiformis and 
Helicotylenchus indicus) and the root-knot incidence caused by M. incognita in 
tomato cv. 'K-25', chilli cv. Tusa Jawala' and okra cv. 'Saimla'. However, the 
efficacy of these chopped plant leaves varied from nematode to nematode. The 
reduction in the nematode population and root-knot development brought about 
simultaneous enhancement in the plant growth characters of all the test crops. 
Among various treatments, chopped leaves of Azadirachta indica were found 
to be the most and that of Thuja orientalis the least effective. 
Similar results were obtained with the soil amendment of various neem 
parts/products (chopped leaves, seed powder and oil cake) alone and in 
combination with carbofuran and phorate. The combined effect of all the 
treatments significantly reduced the population densities of various plant-
parasitic nematodes and root-knot development of M incognita on tomato cv. 
'K-25', chilli cv. 'Pusa Jawala' and okra cv. 'Saimla' and brought about 
significant improvement in various plant growth characters. However, among 
different treatments, the combined application of neem cake and carbofuran 
was found to be most promising and effective. 
Worthwhile results were obtained when the naturally infested field soil 
was treated with various oil cakes applied alone as well as in combination with 
a chemical nematicide, carbofuran. The population density of the nematodes 
was suppressed when plants were treated with different organic additives, 
however, oil cakes when combined with carbofuran were more effective in 
reducing the nematode populations and enhancing the plant growth of all the 
test plants. These treatments were also found to be effective in improving the 
various plant growth characters like plant length, plant weight, number of fruits 
and fruit weight and reducing the various nematode developing characters of 
root-knot nematode (number of galls, number of eggmasses/g of root and soil 
population/200 cc of soil) in tomato cv. 'K-25', chilli cv. 'Pusa Jawala' and 
okracv. 'Saimla'. 
In the glasshouse experiments, it was observed that urea coated with 
'Nimin', neem-gold and oils of neem, castor and mustard were found to be 
highly effective in reducing the population density of naturally occurring 
nematodes viz., Meloidogyne incognita, Tylenchorhynchus brassicae, 
Hoplolaimus indicus, Rotylenchulus reniformis, Tylenchus filiformis and 
Helicotylenchus indicus on tomato cv. 'K-25', chilli cv. 'Pusa Jawala' and okra 
cv. 'Saimla'. Similar results were also observed in a separate study against the 
root-knot infestation caused by M. incognita on tomato cv. 'K-25', chilli cv. 
'Pusa Jawala' and okra cv. 'Saimla' thus bringing up a corresponding 
improvement in various plant growth parameters. 
In a related study carried out under field conditions to assess the 
nematotoxicity of chopped leaves, seed powder and oil cake of neem in 
combination with two nematicides against the soil population and root-knot 
infestation caused by Meloidogyne incognita on tomato cv. 'K-25', chilli cv. 
'Pusa Jawala' and okra cv. 'Saimla', it was observed that all the treatments 
either alone or in various combinations were effective in reducing the 
nematode development and soil population, thereby enhancing various plant 
growth characters. However, the combined application of oil cakes of neem 
and carbofuran was found to be most efficacious in minimizing the nematode 
assault and thus favouring the plant growth. 
Bare-root dip treatment of tomato cv. 'K-25'and chilli cv. 'Pusa Jawala' 
seedlings with extracts of leaves and oil cakes of neem and castor alone and in 
combination with carbofuran provided protection against the root-knot 
infestation of Meloidogyne incognita. A curative effect was also noted when 
roots of pre-infected seedlings were given a similar treatment. The suppression 
of root-knot development was greater in pre-infected seedlings as compared to 
those inoculated after the dip treatment. The combined influence of the oil 
cakes with carbofuran was more effective as compared to the individual 
treatments, while the neem extracts were more promising than that of the castor 
extracts. 
The extracts of both undecomposed and decomposed oil cakes of neem, 
castor, groundnut and mustard in vitro were found to be highly deleterious to 
the root-knot nematode. However, the toxicity being more pronounced in 
decomposed extracts than the undecomposed ones. The toxicity of different 
extracts increased with an increase in the concentration and the exposure 
period. A similar trend was also observed when the water extracts of leaves of 
various plant species were tested against the mortality of different plant-
parasitic nematodes. These extracts also inhibited the larval hatching of M 
incognita and the efficiency of inhibition in hatching increased with the 
increasing concentration of the extracts. 
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concentrations of leaf extracts of various plant species and percent 
mortality of Tylenchorhynchus brassicae in vitro. 
Fig. 9 : Regression lines showing linear relationship between different 
concentrations of leaf extracts of various plant species and percent 
mortality of Rotylenchulus reniformis in vitro. 
Fig. 10: Regression lines showing linear relationship between different 
concentrations of leaf extracts of various plant species and percent 
mortality of Tylenchus filiformis in vitro. 
Fig. 11 : Regression lines showing linear relationship between different 
concentrations of leaf extracts of various plant species and percent 
mortality of Hoplolaimus indicus in vitro. 
Fig. 12 : Regression lines showing linear relationship between different 
concentrations of leaf extracts of various plant species and percent 
mortality of Helicotylenchus indicus in vitro. 
Fig. 13 : Regression lines showing linear relationship between different 
concentrations of undecomposed and decomposed oil cakes and 
percent mortality of Meloidogyne incognita (J2) in vitro. 
Chapter-1 
Introduction 
INTRODUCTION 
The population explosion continues unabated and provision of sufficient food 
remains elusive. Every hole is being plugged and every possible effort is being 
made to make sure that there's enough food for mankind. The pathogens too 
are being denied their share, however, the assault of these pathogens continues 
and so do the attempts to contain this loss. The realization of the 
unsustainability of chemical control of pathogens has lead to increased interest 
in other means of control. So the protection of plants for better production has 
to be compatible with sustainability. 
The need for food is increasing permanently due to the constantly 
expanding population, with currently more than 6.3 billion people worldwide 
(FAO, 2004). Based on the Food and Agriculture Organization (FAO) 
estimates, the world's population will increase to 8.5 billion by 2025 and 
around 83% of these people will live in the developing countries. At present, 
17% of the total population in the developing countries is undernourished, and 
in some regions malnutrition rates up to 40% have been recorded (FAO, 2003). 
Reducing yield losses caused by pathogens of tropical agricultural crops is one 
measure that can contribute to increased food production. Damage and yield 
losses caused by pathogens are on average greater in tropical than in temperate 
regions because of greater pathogen diversity, more favourable environmental 
conditions for pathogen colonization, development, reproduction and dispersal, 
and lack of human, technical and financial resources. 
The vegetables constitute a very important part of our daily diet and do 
not only adorn the table but also enrich the human health. For a balanced diet 
an adult needs about 250 g of vegetables/day, but the national consumption is 
less than 81g. This is because of the non-availability of adequate amount of 
vegetables, as their actual production is considerably less than the required 
quantity. However, still the vegetables hold a very high potential for combating 
the food storage as their yield per unit area is more than five times of any cereal 
crop. Over the last few decades, the value of vegetables has increased 
worldwide alongwith a considerable increase in the global vegetable supply, 
with a per annum growth rate of 4 million (FAO, 2006). Vegetables are rich 
sources of vitamins, minerals, proteins, carbohydrates and dietary fibres. Their 
consumption provides taste, palatability, increases appetite and provides fair 
amount of fibres. They also give us Himalayan health and resplendent redness, 
which is unfailing symbol of health, life, cheerfulness and ecstasy. These are 
currently reckoned as important adjunct for maintenance of good health and 
provide protection against some degenerative diseases. They also play a key 
role- in neutralizing the acids produced during the digestion of proteins, fatty 
food and also provide valuable roughages, which promote digestion and help in 
preventing constipation. 
India grows a large variety of vegetables belonging to tropical, 
subtropical and temperate groups. The most common vegetables grown are 
potato, eggplant, okra, cauliflower, cabbage, cucurbits, tomato, chilli and some 
other legumes. These crops are susceptible and heavily damaged by a number 
of plant-parasitic nematodes, however, the root-knot nematodes {Meloidogyne 
spp,) being most serious and yield limiting pests. The importance of nematodes 
as a constraint on successful crop production was recognized long ago in our 
country. The discovery of prevalence of cyst nematode on wheat (Vasudeva, 
1958) exemplified the seriousness of the problem. Since then, a large number 
of nematode problems of national importance have emerged. 
BRIEF INTRODUCTION OF THE TEST CROPS: 
I. Tomato: 
Tomato {Lycopersicon esculentum Mill., Family Solanaceae) is one of the most 
popular and widely grown vegetables in the world ranking second in 
importance to potato in many countries. The fruits are eaten raw or cooked. 
Large quantities of tomato are used to produce soup, juice, ketchup, puree, 
paste and powder. Tomato is a very good source of vitamin A, B and an 
excellent source of vitamin C (Madhavi and Salunkhe, 1998). It also adds 
variety of colours and flavours to the food. Green tomatoes are used for pickles 
and preservatives. 
The chemical composition of tomato varies with variety and stage of 
maturity. The pulp constitutes 85.4% of the whole fruits. The nutritive value as 
yielded upon the analysis of 100 g of edible portion is: 
Moisture - 93.Ig; protein - 1.9g; fat - O.lg; minerals - 0.6g; fibre - 0.7g; 
carbohydrates - 3.6g; sodium - 45.8mg; potassium - 114mg; copper - 0.19mg; 
sulphur - 24mg; chlorine - 38mg; calcium - 20mg; magnesium - 15mg; 
phosphorus - 36mg; iron - 1.8mg; vitamin A - 320 I.U.; thiamine - 0.07 mg; 
riboflavine - O.Olmg; nicotinic acid - 0.4mg; vitamin C - 31mg; oxalic acid -
2mg (Aykroyd, 1963). 
Tomato is also rich in medicinal value. The pulp and juice are digestible, 
mild aperient, a promoter of gastric secretion and blood purifier. It is also 
considered to be intestinal antiseptic and is good in chronic dyspepsia. Dried 
tomato juice retains vitamin C. It is one of the richest vegetables, which keeps 
our stomach and intestines in good condition (Tiwari and Choudhary, 1990). 
II. Chilli: 
Chilli {Capsicum annuum L., Family Solanaceae) forms an indispensable 
adjunct in every house in the tropical world. It is specially liked for its 
pungency, spicy taste, besides the appealing colour it adds to the food 
(Muthukrishnan et al, 1990). The plants arc used in the manufacture of 
selected commercial products known for their pungency and colour. The chief 
constituent of chilli pericarp is a crystalline colourless pungent principle known 
as capsaicin or capsicutin (C18H27NO3), a condensation product of 3-hydroxy-
4-methoxy benzylamine and decylenic acid which produces a highly irritating 
vapour on heating. The nutritive value of chilli/1 OOg of edible portion is: 
Moisture - 85.7g; protein - 2.9g; fat - 0.6g; minerals - l.Og; fibre - 6.8g; 
carbohydrates - 3.0g; calcium - 30mg; magnesium - 24mg; phosphorus -
SOmg; iron - 1.2mg; sodium - 6.5mg; potassium - 217mg; copper - 1.55mg; 
sulphur - 34mg; chlorine - 15mg; riboflavine - 0.39mg; oxalic acid - 67mg; 
nicotinic acid - 0.9mg; thiamine - 0.19mg; vitamin A - 292 I.U.; vitamin C -
lllmg(Aykroyd, 1963). 
The chillies are used as carminative, digestive irritant, stimulant, 
rubefacient and tonic. The plants have also been used as folk remedies for 
dropsy, diarrhoea, asthma, arthritis, muscle cramps and toothache. 
Consumption of red pepper may aggravate symptoms of duodenal ulcers. 
Prolonged contact with the skin may cause dermatitis and blisters, while 
excessive consumption can cause gastroenteritis and kidney damage. 
III. Okra: 
Okra {Abelmoschus esculentus L. Moench, Family Cucurbitaceae), commonly 
known as bhindi or lady's finger, is an annual vegetable crop grown from seeds 
in tropical and subtropical parts of the world. Its tender green fruits are used as 
a vegetable and are generally marketed in the fresh state, but sometimes in 
canned or dehydrated form (Thakur and Arora, 1990). Okra is rich in vitamins, 
calcium, potassium and other mineral matters. However, the nutritive 
value/lOOg of edible portion is: 
Moisture - 89.6g; protein - 1.9g; fat - 0.2g; minerals - 0.7g; fibre - 1.2g; 
carbohydrates - 6.4g; calcium - 66mg; magnesium - 43mg; phosphorus -
56rrig; iron - 1.5mg; sodium - 6.9mg; potassium - 103mg; copper - 0.19mg; 
sulphur - 30 mg; oxalic acid - 8mg; nicotinic acid - 0.60mg; thiamine -
0.07mg; riboflavine - 0.1 mg; vitamin A - 88 I.U.; vitamin C - 13mg 
(Aykroyd, 1963). 
Okra fruit can be cooked in a variety of ways. It can be fried in butter or 
butter oil and cooked with necessary ingredients. The roots and stems of okra 
are used for the cane juice from which gur or brown sugar is prepared. Matured 
fruits and stems containing crude fibre are used in the paper industry. Okra is 
said to be very useful against genito-urinary disorders, spermatorrhoea and 
chronic dysentery. 
In many areas of the world particularly in the developing countries, the 
entire population largely depends upon vegetables but because of inadequate 
production and supply, these vegetables are becoming no longer cheap 
commodities. Among major constraints responsible for the poor productivity of 
vegetables, pests and parasites occupy the paramount position, plant-parasitic 
nematodes being one of them. The root-knot nematodes were first reported in 
1855 by Berkeley, who observed them causing galls on roots of greenhouse 
cucumber plants in England (Hartman and Sasser, 1985). The vegetables are 
the hosts of a wide variety of nematode species which belong to the genera 
Tylenchus Bastian, 1965; Ditylenchus Filipjev, 1936; Tylenchorhynchus Cobb, 
1913; Hoplolaimus Daddy, 1905; Helicotylenchus Steiner, 1945; Pratylenchus 
Filipjev, 1936; Rotylenchulus Linford and Oliveira, 1940; Xiphinema Cobb, 
1913; Hirschmanniella Luc and Goody, 1964; Aphelenchoides Rilzema-Bos 
1891; Longidorus Micoletzky, 1922; Radopholus Thome, 1949; Tylenchulus 
Cobb, 1913; Meloidogyne Goeldi, 1887; Heterodera Schmidt, 1871 etc. 
However, the pathogenicity has not been proved for all. 
Nematodes are tiny, worm-like, multicellular animals estimated at half a 
billion, most of which are free living found in oceans, fresh water and in soils. 
However, parasitic species form a smaller group. The nematode populations are 
in soils and are generally denser and more prevalent in the warmer regions of 
the world. As a commentator in the early twentieth century Cobb (1915) wrote, 
" if all the matter in the universe except the nematodes were swept away, 
our world would still be dimly recognizable, and if, as disembodied spirits, we 
could investigate it, we should find its mountains, hills, vales, rivers, lakes and 
oceans represented by a thinfdm ofnematodes''\Sasser, 1990). 
CROP LOSSES: 
Plant-parasitic nematodes seldom kill plants outright. A loss of yield or quality 
can occur without specific above ground symptoms. Sometimes these losses 
are attributed to other pests, fertility problems, or improper water management. 
The symptoms of nematode infection may vary among crops and are generally 
manifested as root galling, stunting, lesions, premature wilting, leaf chlorosis 
(yellowing) and overall reduction in plants. The yield reductions can be 
extensive but vary significantly between plant and nematode species. In 
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addition to the direct crop damage caused by nematodes, many of these species 
have also been shown to predispose plants to infection by fungal or bacterial 
pathogens or to transmit viral diseases, which contribute to additional yield 
reductions (Noling, 2002). The crop loss is defined as the difference between 
the attainable yield and the actual yield (Chiarappa, 1971). However, it is 
difficult to determine the attainable yield because it depends on many cultural, 
environmental and pest factors. Actual yield is more precisely measured as that 
obtained under prevailing pest pressure i.e., without protection from any harm 
caused by various plant pathogens. Crop losses may be quantitative and/or 
qualitative. Quantitative losses result from reduced productivity, leading to a 
poor yield per unit area. Qualitative losses from pests may result from the 
reduced content of valuable ingredients, reduced market quality, for example 
due to aesthetic features (pigmentation), reduced storage characteristics, or due 
to the contamination of the harvested product with pests, parts of pests or toxic 
pro(^ucts of the pests (e.g., mycotoxins). Earlier the crop losses due to the 
infestation of various plant-parasitic nematodes was thought to be about 5%, 
however, small farmers in the developing countries commonly experience the 
crop losses up to a greater extent (Taylor and Sasser, 1978). Plant symptoms 
and yield reductions are often directly related to preplant infestation levels in 
soil and to other environmental stresses imposed upon the plant during crop 
growth (Figure 1). As infestation levels increase so do the amount of damage 
and yield loss. However, the extent of the damage caused by different plant-
parasitic nematodes depends upon various biotic and abiotic conditions 
prevailing in the soil ecosystem, such as the population density of nematode 
species present, host suitability, locality, ecological factors, agronomic 
practices, control/quarantine measures adopted, or more likely a combination of 
all these conditions. 
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Fig. 1. Typical nematode induced crop damage relationship in which crop yields, 
expressed as percentage of yields that would be obtained in the absence of nematodes, 
decline with increased population density of nematodes in soil. The tolerance level is 
identified as the initial or minimal soil population density at which crop damages is first 
observed. 
(Source: ENY-014 (Formerly RNG 4), "Nematode Management in Commercial 
Vegetable Production", J.W. Noling (2002). 
The exact degree of the damage caused by the nematode infestations is 
frequently under estimated because of the presence of multiple pathogens, 
which makes the diagnosis rather confusing. However, there are numerous 
estimates of the damage in crop production on worldwide basis. For instance. 
United States Department of Agriculture (USDA) estimated worth US 
$372,335,000 loss per annum in 16 crops (Taylor, 1967). Earlier, Hutchinson et 
al. (1961) and Cairns (1955) reported $250 million and $500 million annual loss 
respectively. According to Society of Nematologists, which undertook a major 
crop loss estimation project in 1971, the losses due to nematodes were to the 
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tune of 10% extending to 50% in certain situations. The total annual loss due to 
the nematodes in 16 field crops, 23 fruits and nut crops and 24 vegetable crops 
was up to the tune of US $1,590,326,934 while in vegetables alone it was 
estimated to be about US $266,989,100 per year (Feldmesser et ai. 1971). Van 
Berkum and Seshadri (1970), estimated crop losses worth $10 million in wheat 
from 'Ear cockle' disease caused by Anguina tritici and $8 million due to 
'Molya' disease in wheat and barley caused by Heterodera avenae in Rajasthan 
state alone. In Nigeria root-knot nematode, Meloidogyne incognita alone causes 
complete crop loss when not controlled (Afolami, 2000). Babatola and Omotade 
(1990) reported a 69% yield loss in cowpea, and Wilson (1962) reported yield 
reduction in tomatoes and vegetables by 75%. Estimates by the Australian 
Association of Nematologists (Stirling et al, 1992) suggested that if nematodes 
were not controlled, losses would be as high as US $300 million per annum. 
Sasser and Freckman (1987) have reviewed crop losses on the basis of 
worldwide survey. They estimated average yield losses of the world's major 
crops due to plant-parasitic nematodes to be about 12.3%. However, the annual 
loss in agriculture has been estimated as US $100 billion worldwide (Oka et al, 
2000a) and recently Chitwood (2003) reported that plant-parasitic nematodes 
are serious pathogens on most food and fibre crops and without appropriate 
controls will cause loss of yield and quality. These nematode pests cause 
considerable crop damage with annual losses estimated at US $125 billion 
worldwide. 
Of the various plant-parasitic nematodes the root-knot nematode, 
Meloidogyne species constitute the major nematode problem in the developing 
countries. The most common species is M. incognita, which causes 
considerable losses in many crops. Many vegetable crops, in several botanical 
families, such as Solanaceae, Cucurbitaceae, Leguminosae, Liliaceae, 
Chenopodiaceae, Compositae, Apiaceae, Brassicaceae and Malvaceae, suffer 
the greatest damage. But this particular species is also highly pathogenic to 
some staple crops such as cereals, including rice, maize, potato, soybean, 
banana, sweet potato etc. or industrial crops such as tobacco, coffee, sugarcane, 
sugar beet, cotton and black pepper. Often this species also causes economic 
damage to fruit crops such as guava, pineapple, papaya and grapes. These 
nematode species pose particular control difficulties due to their wide host 
ranges, short generation periods and high iv^production rates (Trudgill and 
Block, 2001) and thus are considered as the greatest threat to the global 
agricultural production (Haseeb, 1994; Haseeb and Pandey, 1995; Jayasinghe 
et al, 2003; Eyal et al., 2006). Among various Meloidogyne spp., Meloidogyne 
incognita is the most economically important species (Hussey and Janssen, 
2003), as it is able to reproduce in more than 2000 plant species (Jung and 
Wyss, 1999) and it has been reported to be the most important nematode pest in 
India, Mexico, Bangladesh, Brazil, Egypt, Malawi, Nepal and Pakistan (Nene 
et al., 1989). The soil-borne root-knot nematodes invade plant roots and feed 
on root cells, causing the roots to grow large galls or "knots" and thus these 
pimpled roots become susceptible to cracking. This damage to root system 
prevents the plants from properly absorbing water and mineral nutrients, as a 
result of which the plant growth is stunted and crop yield diminished. 
In India, the exact degree of losses caused by various plant-parasitic 
nematodes by damaging the vegetable crops is not fully known, however, 
Bhatti and Jain (1977) and Jain and Bhatti (1978) observed yield losses up to 
91%, 46% and 27% in okra, tomato and brinjal respectively due to root-knot 
nematodes. The production of tomato (Lycopersicon esculentum), a major 
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nutrient to man and income generating to its growers is impaired by among 
other factors its infestation by nematodes. Reduction in yield ranging from 28% 
to 75% has been reported by various researchers (Ibrahim et al, 2000; 
Rajendran et al., 2003). Okra (Abelmoschus esculentus), is an important 
vegetable crop, cultivated, over an area of 2.21 lakh hectares in India with 
production of 18.87 million tonnes with an average productivity of 8.5 
tonnes/hectare. Among the nematodes, plant-parasitic nematodes belonging to 
15 genera have been reported on okra from India (Bhosle et al., 2004). Root-
knot (Meloidogyne incognita) and reniform {Rotylenchulus reniformis) 
nematodes are the major constraints in growing okra crop successfully and are 
widely distributed in India, causing significant yield losses (Mojumder et al., 
2004). However, Meloidogyne incognita alone accounts for 21.91% yield loss 
(Reddy and Singh, 1981; Lamberti et al., 1988) and M javanica up to 40% 
yield loss (Jain et al., 1986). Root-knot nematode {Meloidogyne spp.) is a 
serious pest of vegetables especially chilli {Capsicum annuum), which is being 
grown everywhere. Root-knot nematode, Meloidogyne incognita is one of the 
major limiting factors affecting the production of chilli in India (Nagnathan, 
1984; Jain, 1992). 
Various plant-parasitic nematodes like lesion nematode {Pratylenchus 
spp.), reniform nematode {Rotylenchulus reniformis), burrowing nematode 
{Radopholus similis), citrus nematode {Tylenchulus semipenetrans), rice root 
nematodes {Hirschmanniella spp.), cyst nematodes {Heterodera spp.) and root-
knot nematodes {Meloidogyne spp.), attack a wide variety of major food crops, 
vegetables, fruits, ornamentals, cash crop, fibre crops and cereals viz., onion, 
potato, carrot, cabbage, cauliflower, cucurbits, citrus fruits, banana, olive, 
gladiolus, coconut, coffee, tobacco, jute, cotton, sugarcane, groundnut, mints, 
11 
chickpea, pigeonpea, frenchbean, blackpepper, wheat, rice, rye, barley, oat, 
jasmine etc. and cause considerable yield losses as reported by many 
researchers from time to time (Haseeb and Shukla, 2000; Jonathan and 
Rajendran, 2000; Chakraborti, 2001; Umamaheshwari and Sundarababu, 2001; 
Koshy and Banu, 2002; Deka et al, 2003; Sinha and Noeg, 2003; Sundararaju 
and Cannyane, 2003; Ismail et al, 2004; Patel et al, 2004; Sharma and Bhatia, 
2004; Laung and Bora, 2005; Ahmad et al, 2007b; Rather et al, 2007a). 
NEMATODE MANAGEMENT STRATEGIES: 
The nematode management can be defined as a practice/combination of several 
practices, whereby the population of various plant-parasitic nematodes are 
maintained below the threshold level where they do not cause economic losses 
in crops and other host plants. The nematode management is essentially 
prevention, because once a plant is parasitized it is impossible to kill the 
nematode without also destroying the host. Today, integrated pest management 
(IPM), as a combination of biological control with host plant resistance, 
appropriate farming practices and a minimal use of pesticides/nematicides, is 
an important part of agriculture and horticulture worldwide and provides a 
basis for pest management in future (Hillocks. 2002; Phipps and Park, 2002; 
Feder et al, 2004). The most sustainable approach to nematode management 
will integrate several tools and strategies, including the use of cover 
crops, crop rotations, soil-solarization, least-toxic pesticides/nematicides, 
organic amendments and plant varieties resistant to nematode damage. These 
methods work best in the context of a healthy soil environment with sufficient 
organic matter to support diverse population of microorganisms. Certain 
organisms that are associated with well-managed crop soils e.g., Rhizobacteria 
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and Mycorrhizae may induce systemic host resistance to nematode and some 
foliar diseases (Barker and Koenning, 1998). 
The basis of sustainable nematode management is the maintenance of a 
healthy soil food web. This begins with routine application of organic matter. 
There is substantial evidence that the addition of organic matter in the form of 
compost or manure will decrease nematode, pest populations and associated 
damage to crops (Akhtar and Alam, 1993; McSorley and Gallaher, 1995b; 
Cheji et al., 2000; Siddiqui, 2004). This could be a result of improved soil 
structure and fertility, alteration of the level of plant resistance, release of 
nemato-toxins or increased populations of fungal and bacterial parasites and 
other nematode antagonistic agents (Bongers and Ferris, 1999; Parazinska et 
al., 1999; Akhtar and Malik, 2000; Riegel and Noe, 2000; Bulluck et al.. 2002). 
Higher organic matter control increases soil's water holding capacity and 
supports thriving communities of the decomposers and predators that make up 
the soil's "digestive system". However, the nematode management strategies 
can be broadly classified into two means: chemical and non-chemical. 
Chemical Methods: 
The fumigant and non-fumigant nematicides are the two basic chemicals, 
which can be incorporated into the soil during the chemical means of nematode 
management. Soil fumigation began to be used extensively since the discovery 
of DD mixture (Dichloropropane-dichloropropene) by Carter in 1943. 
Thereafter EDB (Ethylene dibromide) and DBCP (Dibromo chloropropane) 
were formulated as efficient soil fumigants for nematode management in 1945 
and 1954 respectively. Non-ftimigant nematicides are usually carbamates or 
organophosphates, which are mostly water-soluble and so rely on water to 
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move through soil profile. In general the non-fumigant nematicides like 
nemacur, mocap, vydate, etc. are economical and easier in application besides 
being less phytotoxic. Many of them have good systemic activity in plants 
against nematodes (Bhattacharaya and Goswami, 1987; Hague and Gowen, 
1987; Goswami et al, 2006). Many nematicidal chemicals besides being 
expensive, non-available at the time of need and phytotoxic (Jesse and Jada, 
2004), also have been found to be unsafe through other means, for example, the 
highly toxic aldicarb and methyl bromide used to control insects and 
nematodes have been detected in groundwater (Xaki et al., 1982; Thomas, 
1996). The chemical soil disinfestations often lead to the eradication of most 
microbial residents. This creates a microbial vacuum, which often leads to a 
rebounding of pathogens. This in turn may cause even more damage than those 
originally targeted for control (Gamliel et al., 2000). Due to the lack of 
knowledge and the absence of alternative plant protection strategies, synthetic 
pesticides/nematicides are often used prophylactically, too heavily and 
inconsiderately. The unavoidable consequences are the contamination of food 
and the environment with toxic pesticide residues resulting in detrimental 
effects on the human beings, other livestock, beneficial flora and fauna of the 
soil and other non-target organisms, the development of resistant pest 
populations, pest resurgence, and the outbreak of the secondary pest 
infestations (Johnson and Feldmesser, 1987; Pingali and Roger, 1995; Kacew 
et al., 1996; Tinker, 1997; Horrigan et al., 2002). The current search for plant 
protection chemicals which are biodegradable, easily available, cheap and 
environment-friendly, is therefore imperative which could likely replace the 
current existing, highly toxic synthetic nematicides (Olabiyi et al., 1992; 
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Noling and Becker, 1994; Onifade and Egunjobi, 1994; Oyedunmade et al., 
1995). 
Certain non-chemical practices employed are invaluable in reducing 
plant disease losses. A control programme is enhanced whenever one can 
utilize as many methods as possible. New strains of an organism may develop 
that will attack resistant varieties or become tolerant to certain nematicides 
when these practices are alone. Combining practices may reduce the risk of 
failure. The non-chemical approach to improve the control of soil-borne pests 
involves combining organic amendments with other available practices and can 
be broadly studied under following headings: 
Regulatory Methods: 
Preventing nematodes from entering uninfested areas is important and 
numerous attempts have been made to prevent their introduction into countries 
or provinces by means of plant quarantine. Plant quarantine is a restriction, 
imposed by duly constituted authorities, where the production, movement or 
existence of plants or plant products, is brought under regulation, introduction 
or spread of nematode may be prevented or limited and if a pest already 
introduced may be controlled or completely eradicated, hence, avoiding or 
reducing losses that would otherwise occur through the damage caused by the 
prevailing pest or through a continuing cost of control measures (Leiby, 1932). 
Further, the nematodes under their own steam can spread across a field at a rate 
of 3 feet/year. There are some other measures which can prove beneficial in 
preventing human-assisted spread of nematodes to uninfested fields like using 
certified planting material, using soil less growing media in greenhouses, 
cleaning soil from equipment/working tools before moving between fields. 
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preventing or reducing animal movement from infested to uninfested fields, 
composting manure to kill any nematodes that might be present, before 
applying to field (Kodira and Westerdahl, 1995), eliminating important weed 
hosts such as crabgrass, ragweed and cockle bur etc. (Yepsen, 1984). 
The different regulatory methods, however, have some obstacles in their 
implementations, because one material, which is restricted for a disease or a 
pathogen, may be infected by other pathogen. Therefore, checking the entry of 
one causal organism of certain disease may bring menace to another pest. 
Physical Methods: 
During this practice of nematode management, the various measures adopted 
for eradicating or reducing the nematode populations of different plant-
parasitic nematodes include heat treatment, steam sterilization and 
pasteurization of soil, electrical soil heating, hot water treatment, radiation 
treatment, ultrasonics, washing processes, seed clearing etc. (Alam and 
Jairajpuri, 1990). Soil solarization, a method of pasteurization, which entails 
laying clear plastic over tilled, moistened soil for approximately 6 to 8 weeks, 
can effectively suppress most species of nematodes. However, it is consistently 
effective only where summers are predictably sunny and warm. The 
incorporation of poultry litter prior to solarization, or use of a second layer of 
clean plastic, can reduce effective solarization time to 30 days (Brown et al., 
1989; Stevens et al., 1990). The combination of various organic amendments 
(soybean oil cake, feather meal or broiler litter) with soil solarization were 
more effective than the amendments or soil solarization alone in reducing the 
nematode populations and gall indices of Meloidogyne incognita and M 
javanica in pot, container and greenhouse experiments (Oka et al., 2007). 
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Brassica residues are also known to increase tlie solarization effect, in a 
process known as biofumigation (Gamliel and Stapleton, 1993). Large-scale 
fixed experiments using cabbage residues with solarization obtained results 
comparable to solarization combined with methyl bromide (Chellami and 
Olson, 1997). Steaming the soil suppresses nematodes in a manner similar to 
solarization. There are prototype steam machines capable of performing field 
applications, but steaming is probably economical only for green house 
operations or small plantings of high value crops (Grossman and Liebmann, 
1995). 
Though all these practices are effective for diseased material like 
propagating tuber, shoot or root, but temperature regulation is quite difficult. 
Besides that there are some problems for large scale infestations. 
Cultural Methods: 
The various cultural measures employed for the management of different plant-
parasitic nematodes include means like crop rotation, soil management 
(Trudgill et ai, 1992) and flooding which had been considered as potential and 
effective cultural practices, however, they are adaptable only in certain regions. 
These practices employed are generally concerned with depriving the 
nematodes of a suitable host and thus reducing the populations of these 
nematodes by starvation. Some of the basic cultural practices implemented so 
far include prevention of spread, fallowing, selection of appropriate 
propagating material, field sanitation, time of planting, harvesting, deep 
ploughing, nutrition, general care of host crops (proper irrigation and timely 
weeding etc.), cropping and manuring etc. 
ttUi^^^ 
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, In addition to all these, the use of resistant plant cultivars is sometimes 
also advisable but generally their use is limi*^ ed because there are only a few 
and their nematode resistance is very specific and thus the accurate 
identification of the nematode species and race is necessary before proper 
cultivar can be selected. Crop resistance is ideally combined with a long-term 
crop rotation schedule and the best management practices available to favour 
vigorous and healthy plant growth. 
Crop rotation involves growing a crop that is not a host for the nematode 
present in the field, before growing a crop that is susceptible. The non-host or 
immune crop will cause nematode populations to decline, giving the 
subsequent crop a chance to establish a good root system. The rotation crop 
must be selected carefully because some nematodes (such as root-knot, 
reniform and burrowing nematodes etc.) have a very wide host range. Also, 
crop rotation is difficult to use with most perennial crops. 
The use of nematode free planting stock and other sanitation procedures 
like weed/crop-residue destruction and dis-infestation of farm implements are 
effective means of nematode control but growers/farmers continue to use 
nematode infected transplants and seed materials probably because of their 
ignorance about the importance of plant-parasitic nematodes. 
Flooding the soil for 7-9 months kills nematode by reducing the amount 
of oxygen available for respiration and increasing concentrations of naturally 
occurring substances like organic acids, methane and hydrogen sulphide that 
are toxic to nematodes (MacGuidwin, 1993). However, it may take two years 
to kill all nematode egg masses (Yepsen, 1984). Flooding works best if soil and 
air temperatures remain warm. An alternative to continuous flooding is several 
cycles of flooding (minimum two weeks) alternating with drying and disking 
(MacGuidwin, 1993). But the insufficient and poorly managed flooding can 
make matters worse, as water is also an excellent means of nematode dispersal. 
One of the other foundation principles of an integrated nematode 
management strategy is to ensure early destruction of the crop immediately 
after final harvest. The major objective is to remove the plant food source 
(roots) which maintains nematode reproduction and soil population growth. 
Any delay in crop termination can significantly increase soil populations of 
nematodes, particularly in the span of a few weeks after final harvest if the 
plant and its roots are not killed immediately. Eventually, the more nematodes 
left in the soil after a crop, the more which will survive to infect roots of the 
following crop, and the more difficult it will be to achieve satisfactory 
nematode control with any chemical nematicide. Thus the opportunity to 
enhance nematode control with soil fumigation and minimize losses in crop 
yield due to nematodes is dependent upon the adoption of early crop 
destruction after final harvest. 
These cultural control practices have been found to be economically 
feasible in reducing disease losses. However, the growers should properly 
identify the diseases that limit production and then use a variety of most 
appropriate controls in combination. 
Biological Methods: 
The most acceptable and widely used means of nematode management is 
through the biological control, which involves the implementafion of other 
living organisms against the pest organisms. A high level of natural biological 
control is ordinarily present in the soil. This natural control probably keeps the 
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nematode populations at 10-20 percent of what they would be in its absence. 
Nevertheless, the level of natural control is seldom adequate to prevent plant 
damage from nematodes. 
The strategy of inoculating soils with biological control organisms to 
increase or supplement the control organisms naturally present has proved to be 
unrealistic and is not recommended until more predictable inoculants are 
developed. A more realistic strategy for biological control of plant-parasitic 
nematodes is to incorporate soil amendments such as manures, oil-cakes, plant-
residues and compost etc. Such addition of organic matter contribute to the 
biological activity in the soil and stimulates the activity of microbial 
populations of actinomycetes, bacteria and fungi, elements of which might be 
antagonistic to nematodes (Badra et al, 1979; Godoy et al, 1983a). Further 
these organic amendments also possess some nematicidal properties (Pandey, 
2000; Olabiyi and Oyedunmade, 2003; Saxena and Gangopadyay, 2005; 
Cristobal-Alejo et al, 2006; Jesse et al., 2006 etc.). 
As we begin to develop a better understanding of the complex ecologies 
and agricultural ecosystems, more strategies for cultural and biological control 
of nematodes will be developed. The trick will be fine tuning of these general 
strategies to the unique ecology, equipment and financial situation of each 
farm. 
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Chapter-2 
^^§view of Literature 
REVIEW OF LITERATURE 
One of the main objectives behind the work presented in the current thesis was 
to observe the nematicidal/nematostatic properties of various organic soil 
amendments, which can be successfially employed for the control of plant-
parasitic nematodes and the crop losses caused by them. As this has already 
been mentioned in the previous chapter that addition of various organic 
amendments like plant parts/products, biocontrol agents and interculture of 
antagonistic crops besides some other cultural practices, are the highly 
promising and pronouncing strategies for the management and control of plant-
parasitic nematodes. Therefore, an attempt was made to present a brief review 
of these age old and modern agricultural practices being employed for the 
management of these plant-parasitic nematodes. 
The organic matter is an important component of soil and the value of 
decomposition of organic amendment is an important factor of soil in reduction 
of nematode damage which was first demonstrated by Lindford et al. (1938), 
who observed the reduction in root-knot incidence caused by Meloidogyne spp. 
on cowpea (Vigna unguiculata L.), when soil was amended with chopped 
leaves of pineapple {Ananas comosus L.). Since then a large number of reports 
have been published showing that the incorporation of a variety of organic 
amendments to the nematode infested soil resulted in a definite reduction of 
several plant-parasitic nematodes and therefore, improved the crop yield. The 
organic matter brings about physiochemical and biological changes in the 
niches where micro flora and micro fauna were reported to be active. However, 
the development of many highly effective fumigant nematicides during 1940's 
and 1950's, particularly in industrially developed countries, hampered the 
continuous use of these organic amendments. Moreover, many of the currently 
available nematicides besides being often costly, offer no long-term 
suppression and having differential effects on the species of nematodes as their 
activity is affected by many environmental factors (Schmitt, 1986; Starr et al, 
2002). Developing any new marketable nematicide is a long and expensive 
process and reports state that no new widespread used nematicide has been 
developed in the past 20 years (Stan- et al., 2002). The worldwide phase-out of 
methyl bromide (one of the effective and widely used flimigant nematicide, 
Oka et al, 2000a) and the extreme cost for bringing new nematicides into the 
market triggered the need for the alternative nematode control strategies that 
are economically feasible and environmentally acceptable - even if these 
strategies cannot compare to the 100% efficacy of methyl bromide. 
Green manuring is an essential and age old practice of Indian farmers as 
well as the farmers throughout the world, wherein the green plants/plant parts 
are ploughed deep into the soil to rot and provide nutrient for succeeding crops, 
however, it has also been found to reduce the populations of plant-parasitic 
nematodes. It was Lindford et al. (1938), for the first time who reported that 
incorporating chopped pineapple leaves @50-200 tormes/acre into the soil 
significantly reduced the root-knot incidence in cowpea. The infested soil when 
amended with chopped cabbage leaves (Brassica oleracea capitata L.) 
@680g/0.61m^, reduced the cereal root eelworm (Duddington and Duthoit, 
1960 and Duddington et al, 1961). Hutchinson et al. (1960) noticed that the 
population of some plant-parasitic nematodes like Hoplolaimus, Pratylenchus 
and. Tylenchorhynchus spp. were significantly lower in soil where pieces of 
pumpkin (Cucurbita pepo L.) were allowed to rot compared with rest of the 
soil. Mankau (1968) found that the application of alfalfa (Medicago sativa) 
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green manure in root-knot infested field was found to be a good nematode 
suppressant. The application of rapeseed green manure @200, 300 and 400 mg 
N/kg soil was more effective than velvet bean green manure in reducing root-
galling caused by Meloidogyne arenaria in squash roots (Crow et al, 1996). 
Sudangrass has been reported to suppress infection and damage caused by 
Meloidogyne hapla, when incorporated as a green manure (Widmer and Abawi, 
2000). This addition of green manures stimulates soil microbial activities and 
increases accumulation of plant decomposition products and microbial 
metabolites that can be deleterious to nematodes. 
The soil amending with different parts of neem/margosa {Azadirachta 
indiva A. Juss.) is reported to be highly effective in reducing the population of 
different plant-parasitic nematodes affecting a variety of plant species (Hellap 
and Dreyer, 1995; Rao et al., 1996a; Zaki, 1998; Umamaheshwari and 
Sundarababu, 2001; Siddiqui and Alam, 2001; Oka and Pivonia, 2002; Yasmin 
et al., 2003; Shah et al., 2004; Raman and Venkateshwarlu, 2006; Siddiqui, 
2006a; Rather and Siddiqui, 2007a, b, c). 
In addition to this, a number of indigenous plants have been reported to 
possess nematicidal/nematostatic properties and thus, are capable of managing 
the .populations of various plant-parasitic nematodes. Some of these plants 
tested for their antinemic properties by different workers include Leucaena 
leucocephale (Paruthi et al., 1987), Azadirachta indica. Pongamia glabra, 
Arachis hypogea (Prasad et al, 1994), Ruta graveolus (Sasanelli and Addabbo, 
1993), Allium sativum, Tagetes spp. (Walia and Gupta, 1997), Ipomea cornea 
(Alam et al., 1995), Ricinus communis, Brassicajuncea, Eruca sativa (Khan et 
al., 2004), Calotropis procera (Rao et al., 1996b), Sargassum spp. (Ara et al., 
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1997), Linum usitatissimuin, Brassica campestris (Butool et al., 1998), Salvia 
spp. (Idowa, 1999), Parkia biglobosa (Umar and Jada, 2000), Murraya koengii 
(Pandey, 2000), Catharanthus rosea. Ipomea fistulosa (Hassen et al., 2003), 
Calotropis procera, Datura fastuosa, Azadirachta indica (Zarina et al., 2003), 
Blechum piramidatum, Stenandrium nanum, Furcraea cahum, Ageratum 
gaumeri. Ambrosia hispida, Bidens alba. Galea utricifolia, Acalypha gaumeri, 
Croton chinensis, Tephrosia cinerea, Trichilia arborea, T. minutiflora, Randia 
longiloba, R. obcordata, R. strandleyana (Cristobal-Alejo et al., 2006), Parkia 
biglobosa, Hyptis spicigera (Jesse et al., 2006), Euphorbia tirucalli, E. 
neriifolia, Nerium indicum, Thevetia peruviana, Pedilanthus tithymaloides 
(Siddiqui, 2006b), Ficus benghalensis, F. virens (Ahmad et al., 2007a). 
Recently, Bello et al. (2006) reported the inhibitory effect of water 
extract of seed, leaf and bark of five plants viz., Tamarindus indica. Cassia 
siamea, Isoberlinia doka, Delonix regia and Cassia sieberiana against the 
larval hatching of Meloidogyne incognita. The standard suspensions inhibited 
larval hatching by 97% while dilution of S/100 inhibited larval hatch by 3%. 
Similarly significant reduction was observed in the population of plant-
parasitic nematodes, Meloidogyne incognita, Rotylenchulus reniformis and 
Tylenchorhynchus brassicae infesting eggplant and cauliflower, when the 
seedlings were given the root-dip treatment in leaf extracts of Argemone 
maxicana and Solanum xanthocarpum (Ajaz and Tiyagi, 2003). The solvent 
extracts of the plant species viz., Allophylus cobbe, Lepisanthes tetraphylla, 
SarCococca zeylanica and Hedyotis lawsoniae, were among seven Sri Lankan 
plants which showed significant nematicidal activity against Meloidogyne 
incognita maintained on tomato plants (Jayasinghe et al., 2003). 
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Some of the plant parts such as roots, shoots, leaves, flowers etc. are left 
intentionally in the field after harvest and ploughed deep into the soil, these 
organic additives after their proper decomposition by several microorganisms 
resulted in the suppression of many plant pathogens like plant-parasitic 
nematodes. Every type of crop residue was effective in suppressing plant-
parasitic nematodes (Johnson, 1971, 1972; Siddiqui and Alam, 1995., 1997., 
1999). The incorporation of mature dried residues of lespedeza, alfalfa, oats 
and flax into the soil infested with Meloidogyne incognita, significantly 
reduced the incidence of the nematode on tomato, Lycopersicon esculentum 
(Johnson et al., 1967). Populations of Belonolaimus longicaudatus and other 
plant-parasitic nematodes, reduced due to the application of rice straw applied 
@9.0 or 17.9 t/ha (Tomerlin and Smart, 1969). Egunjobi (1985) reported cocoa 
pod husks to be effective in reducing galling incidence due to Meloidogyne 
spp. on Vigna unguiculata. Egunjobi and Olaitan (1986) found that cassava 
peelings, cocoa pod husk and rice husk significantly reduced Meloidogyne 
incognita population infecting cowpea. Idowa (1999) observed that mixing of 
plant-residue, clary sage (Salvia spp.) used as an organic amendment, was 
generally less effective in suppressing gall formation and egg production of 
Meloidogyne incognita on tomato cv. Rutgers, compared with top soil 
application. Cassava leaf and tuber rind applied as soil amendment @100g or 
50 g/pot, significantly reduced population of Meloidogyne incognita and 
improved plant growth parameters of okra. The pre-sowing application of 
amendments was more effective than post sowing (Ramakrishnan et al., 1999). 
The degradation of neem (Azadirachta indica) leaves over a period of six 
weeks before transplanting the tomato seedlings significantly reduced the root-
knot incidence and improved the shoot weight and length (Jain and Bhatti, 
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1988). Akhtar (1993) recorded that pressmud vegetables and fruit processing 
waste and tobacco waste were most effective in reducing the incidence of root-
knot and development of other plant-parasitic nematodes on tomato. Soil 
amending with spent tea, wheat straw, paddy husk, sugarcane and domestic 
garbage were beneficial in controlling the nematodes. 
The addition of the agro-industrial wastes to the soil can exert a 
remarkable suppressive action on phytoparasitic nematodes (D'addabbo, 1995). 
The release of toxic compounds, performed cr derived from the degradation of 
the wastes in the soil, and/or the multiplication of nematode predators and/or 
parasites on the organic substrate are supposed to be the fundamental 
mechanisms of this nematicidal action (Stirling, 1991). 
The various agro-industrial byproducts/wastes, that can be effectively 
employed either alone or in various combinations with different biocontrol 
agents or other chemicals/nematicides for the management of various plant 
pathogens like plant-parasitic nematodes, include oil cakes, sawdust, sugarcane 
bagasse, cellulosic wastes, sewage-sledge etc. 
The oil cakes are generally rich source of manurial ingredients such as 
nitrogen, phosphorus and potash (NPK). The effective soil amending with 
various oil cakes takes about 1-2 weeks for the decomposition and the 
application of such materials leads to a sustained release of nutrients to the 
plants, which ultimately results in the suppression of populations of plant-
parasitic nematodes. The oil cakes when amended with moist soils are more 
effective than amending with dry soils. The oil cakes of neem/margosa 
{Azadirachita indica A. Juss.), castor {Ricinus communis L.), cottonseed 
{Gossypium herbaceum L.), groundnut {Arachis hypogea L.), linseed {Linum 
26 
usitatissimum L.), mustard {Brassica juncea (L.) Czem and Coss), soybean 
{Glycine max Merr.), mahua (Madhuca indica Gmel.), duan/rocket salad 
{Eruca sativa Mill.), sesame {Sesamum indicum L.), bakain/Persian lilac {Melia 
azedarach L.) and karanj {Pongamia pinnata L.), have been extensively used 
for the control of a wide range of plant-parasitic nematodes, however, some of 
these oil cakes like that of cotton, groundnut, sesame, linseed, mustard etc., 
may not be so economical and feasible when applied as soil amendment for 
nematode control and are chiefly used as cattle feed. 
Goswami and Meshram (1991) reported a significant decrease in the 
root-penetration of Meloidogyne incognita on tomato by the application of 
mustard and karanj oil seed cakes and the reduction was almost 50% as 
compared to untreated control. Reddy and Khan (1991) observed that the root-
gall index of Meloidogyne incognita infesting okra in fields was significantly 
reduced when the soil was amended with various oil cakes viz., castor, 
groundnut, karanj and neem, applied singly @1.0 tonne/ha and 0.5 tonne/ha in 
combination with carbofuran. Similar results were reported by several other 
nematologists while assessing the nematicidal properties of a number of oil 
cakes against the population of plant-parasitic nematodes affecting a wide 
range of vegetable crops like tomato {Lycopersicon esculentum Mill.), okra 
{Abelmoschus esculentus L. Moench), chilli (Capsicum annuum L.), eggplant 
(Solanum melongena L.) etc. (Alam et al, 1980; Abid and Maqbool, 1991; 
Khan et al, 1991; Akhtar and Mahmood, 1997; Rich and Rahi, 1995; Rao et 
al., 1997; Butool et al., 1998). The effectiveness of the residues from various 
oil cakes against the different plant-parasitic nematodes have been reported in 
the succeeding crops (Singh and Sitaramaiah, 1966; Akhtar and Alam, 1991), 
however, several investigators have reported that the residual effects of the 
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proceeding crop treatment resulted in further stress on nematode populations 
and consequently overall plant growth and yield improved (Akhtar and Malik, 
2000). Poomima and Vedivalu (1993) reported that the oil cakes of neem, 
castor and mahua alone and in combination with different plant extracts and 
nematicides were effective in reducing the populations of Meloidogyne 
incognita, Pratylenchus delattrei and Rotylenchulus reniformis on brinjal cv. 
C02. Rao et al. (1991) claimed that all oil cakes were effective against the 
mushroom nematode Aphelenchoides sacchari and the yield of Agaricus 
bisporous and the treatment of compost with neem, coconut and karanj cakes at 
1 to 2% yielded significantly higher crops. Alam (1990) observed that the oil 
cakes were effective for the control of plant-parasitic nematodes in nurseries of 
many annual crops. The plant growth of Phaseolus mungo was greatly 
improved due to the suppression of reproduction and population built up of 
Meloidogyne incognita, when the inoculated plants were treated with neem oil 
and groundnut cake either alone or in combination (Vaitheeswaran et al, 
2005). Goswami et al. (2006) observed that the maximum reduction in root-
galling caused by Meloidogyne incognita on tomato plants, as well as the soil 
population occurred in soil, treated with both fungi {Trichoderma viridae and 
Paecilomyces lilacinus) in combination with mustard cake. However, mustard 
cake alone also showed adverse effects on the root-nodulation. 
The emulsified oils of six different plant species viz., canola, cotton, 
flax, olive, sesame and soybean were reported to possess the antinemic 
properties against Meloidogyne incognita infecting tomato plants. Emulsified 
canola oil proved to be the most effective protectant followed by soybean, 
cotton, flax and sesame oil. Thus these prepared plant oils might be used as 
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potential sources for sustainable eco-friendly botanical nematicides to protect 
plants from nematode attack (Aly Radwan et al., 2006). 
It has been demonstrated by a large number of workers that various oil 
cakes when amended in combination with different nematicides are more 
effective in reducing the populations of root-knot nematode, Meloidogyne 
incognita and various other plant-parasitic nematodes and increased the plant 
growth and yield than either of them alone (Verma and Anwar, 1997; 
Sankaranarayana and Sundarababu, 1997; Goswami et al., 2006; Rather et al., 
2007a, b; Ahmad et al., 2008). 
The combined application of various oil cakes and biocontrol agents 
have been reported to be an effective approach to minimize the losses caused 
by various plant-parasitic nematodes (Rao et al, 1995., Tiyagi et al., 2002; 
Borah and Phukan, 2004; Zareena and Kumar, 2005). Ram and Baheti (2004) 
pointed out that leaf and seed kernel of neem, castor and karanj, when tested as 
seed dresser (10% w/w) along with soil applicant (2.5q/ha) for the management 
of Rotylenchulus reniformis on cowpea (Pusa Barsati), were effective in 
improving plant growth and reducing nematode population over untreated 
check. Similar results were also reported by Dayal and Sharma (2007), who 
observed the application of mahua seed kernel (^20% w/w to be highly 
efficient in enhancing the plant growth characters of mungbean and reducing 
the nematode reproduction oi Rotylenchulus reniformis, followed by jatropha 
seed kernel @20% and mahua seed kernel @10% w/w. 
Although possessing a limited scope to be used as manure, the sawdust 
has been suggested for the pest management and control of plant-parasitic 
nematodes. A significant reduction in the intensity of root galling was reported 
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by Singh and Sitaramaiah (1971a, b) when they applied saw dust in field 
planted with okra and eggplant and by Srivastava et al. (1971) in tomato and 
eggplant. However, various other workers have pointed out the reduction in 
nematode intensity by amending the soil with sawdust (Bora and Phukan, 1983; 
Singh et al, 1986; Akhtar, 1998; Osunlaja, 1990). Siddiqui and Alam (1990) 
reported that the neem sawdust greatly reduced the root-knot development on 
tomato and eggplant and multiplication of stunt nematode on cabbage and 
cauliflower; however, some workers have pointed out some phytotoxic effects 
of neem sawdust, which developed while reducing the nematode populations 
(Singh et al, 1967). Consequently, it becomes more advisable to employ saw 
dusts in combination with other materials such as different oil cakes, sugarcane 
bagasse, nematicides, urea, cow dung and other biocontrol agents, as a 
nematode suppressant. Since, it is deficient in nitrogen, sawdust alone is not 
favoured as a soil amendment (Kushwaha et al, 1983; Acharya and Padhi, 
1988; Akhtar and Alam, 1993b). Ahmad and Khan (2004) reported that the 
amendments of neem sawdust and kail sawdust were more or less equally 
effective to Meloidogyne incognita infecting chilli and did not differ 
significantly. The combined application of neem sawdust with the biocontrol 
fungus Paceilomyces lilacinus was more promising in increasing the plant 
growth and decreasing the reproduction factor and root-galling, however, the 
kail saw dust did not significantly increase the efficacy of P. lilacinus as the 
parasitism of the fungus was inhibited and resulted in low infection only on the 
eggmasses of root-knot nematode, Meloidogyne incognita. The inhibitory 
effect of kail sawdust on the parasitism of P. lilacinus could infact be due to the 
toxic principles contained in kail sawdust and released in soil, which might 
have inhibited the activity of P. lilacinus. 
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The biological control of nematodes using rhizosphere microorganisms 
was considered in several reviews to be a potential tactic and effective 
alternative of nematicides (Sikora, 1992; Kerry et al., 1993; Kerry, 2000). The 
contribution to the biocontrol of plant-parasitic nematodes was reported for a 
great diversity of microorganisms including plant growth promoting 
rhizobacteria (Racke and Sikora, 1992; Siddiqui and Ehteshamul-Haque, 2001; 
Siddiqui and Shaukat, 2003), bacterial parasites (Singh and Dhawan, 1994), 
obligate fungal^  parasites and facultative fungal parasites (Kok and Papert, 
2002), competitors including both fungal endophytes (Hallmann and Sikora, 
1994; Diedhiou et al, 2003) as well as mycorrhizal fungi (Pinochet et al, 
1996; Jaizme-Vega et al, 1997; Habte et al, 1999; Calvet et al, 2001; Elsen, 
2003). Although the biocontrol of nematodes using rhizosphere 
microorganisms could be a promising approach to suppress those pests, the 
problems associated with these practices under practical conditions are far from 
beirig totally overcome mainly because of too many species and races 
occurring naturally. With the current knowledge, it is difficult to promote or 
establish a microflora in soils that effectively suppress nematode population 
densities especially in the relatively short period of time of a single growing 
season (Starr et al., 2002). 
In the recent years, continuing environmental problems associated with 
the use of nematicides have resulted in sense of urgency regarding the search 
for alternative methods of nematode management. The control of plant-
parasitic nematodes with natural products of plant and animal origin and soil 
organisms are alternative control tactics that are receiving increased interest 
among nematologists/pathologists. Natural products include a number of plant 
parts, byproducts and residues when incorporated into the soil. One such 
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byproduct of plant origin is celiulosic waste material. In paper industry large 
quantity of hemicellulosic wastes are generated following alkaline and 
bisulphate treatments of wood to release the.cellulose. The nematicidal effects 
of soil amendments with paper on meadow nematodes and subsequent 
Verticillium wilt of tomato was reported by Miller and Edginton (1962). In a 
similar treatment, Miller et al. (1968) found reduced larval emergence as well 
as root invasion in eggplant by Heterodera tabacum. Culbreath et al. (1985) 
observed that the addition of lingo-hemicellulosic materials to soil amended 
with chitin could increase the effectiveness of chitin against the nematodes and 
avoid some deleterious effects of chitin when applied at high levels (1% w/w). 
Akhtar and Mahmood (1996) reported that amending the soil, naturally infested 
with different plant-parasitic nematodes, with celiulosic wastes and other waste 
materials such as oil seed cakes, chitin, compost, live stock and poultry 
manures, can be effectively employed against the damage caused by these 
plant-parasitic nematodes. 
Plants appear to be a source of effective pesticidal compounds and may 
be regarded as an inexhaustible source of harmless pesticides having low plant 
and human toxicity and being easily biodegradable (Prakash and Rao, 1997). 
Consequently, a large number of plants/plant parts/plant products have been 
screened for their nematicidal activities (Pandey, 1990; Eyal et al, 2006). 
Although most researchers have investigated the non-volatile constituents of 
the plants for their nematotoxic potential (Sangwan et al., 1990; Ghosh and 
Sukul, 1992), but little attention has been given to volatile constituents of 
essential oil-bearing plants. The essential oils (sometimes also called as 
ethereal oils) are a class of vegetable oils, which are usually chemically 
complex mixtures of organic substances. Mostly they are terpene derivatives, 
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phenyl propanoids, various hydrocarbons and straight chain compounds 
(seldom longer than 20 atoms). They are distinguished from fixed oils in their 
physical and chemical properties (Kochhar, 2006). 
Abd-Elgawad and Omer (1995), explored the essential oils of four 
medicinal plants for phytonematode control. All the oils inhibited nematode 
mortality but Mentha spicata was generally more effective in reducing the 
number of active nematodes followed by Thymus vulgaris, Majorana bortensis 
and Mentha longifolia. The main corresponding compound of each oil 
determined by GLC analysis was carvone (58.14%), P-cymene (40.5%), 
terpinen-4-OL (41.6%) and carvone (70.36%). Soil stages of the reniform 
nematode were more affected by the oil than those of the ring and lance 
nematodes. The content of oxygenated compounds in these oils ranged from 
45.79% to 96.50% and may be partially responsible for the nematicidal effects. 
Pandey et al. (2000) reported the nematicidal activity of eight essential 
oils against root-knot nematode, Meloidogyne incognita at four different 
concentrations viz., 2000, 1000, 500 and 250 ppm. Maximum nematicidal 
activity was recorded in oils of Eucalyptus citriodora, E. hybrida and Ocimum 
basilicum followed by Pelargonium graveolens, Cymbopogon martini, Mentha 
arvensis, Mentha piperata and Mentha spicata oils respectively, however, 
eucalyptus and Indian basil oils were highly toxic even at lower concentrations 
(500 and 250 ppm). 
Oka et al. (2000b) reported that twelve of twenty seven essential oils 
extracted from spices and aromatic plants immobilized more than 80% of 
juveniles of root-knot nematode, Meloidogyne javanica at a concentration of 
1000 i^l/litre and at the same concentration most of these oils also inhibited 
33 
nematode hatching. The essential oils of Carum carvi, Foeniculum vulgare, 
Mentha rotundifolia and Mentha spicata showed the highest nematicidal 
activity in vitro and those from Origanum vulgare, O. syriacum and 
Coridothymus capitatus reduced root-galling of cucumber seedlings when 
mixed with sandy soil. 
The effectiveness of soil amendment with either flowers, leaves, roots or 
seeds of Chrysanthemum coronarium, and flowers and several species of 
Asteraceae (Chrysanthemum segetum, Calendula maritima, C. officinalis and 
C. sujfructicosa) at 5g/500cm"' soil were evaluated for suppression of cereal 
root-knot nematode, Meloidogyne artiellia and growth of chickpea cv. 'PV 61'. 
The flowers of all five Asteraceae species and various parts of C. coronarium 
significantly reduced reproduction rates of the nematode by 83.0% - 95.9% 
(Perez et al., 2003). The in vitro and in planta results suggest that the essential 
oil of C. coronarium and various organic amendments fi"om Asteraceae species 
may serve as nematicides. 
Similar results have been reported by various other researchers, which 
are sufficient to believe that the essential oils derived from the higher plants 
possess the nematotoxic properties (Leela et al., 1992; Soler-Serratosa, 1995; 
Walker and Melin, 1996; Alvarez-Castellonos et al., 2001; Perez and Lewis, 
2006). 
Most interesting among the nitrogenous amendments that stimulate 
specialized soil microflora are those containing a specialized chitin or similar 
mucopolysaccharides. Most nematode species can be significantly reduced by 
tilling in chitinous materials such as crushed shells of crustaceans (Shrimp, 
Crab etc). This is effective because several species of fungi that feed on chitin 
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also attack chitin-containing nematode eggs and nematodes. Increasing the 
amount of chitin in the soil will also increase the population of these fungi. 
Clandosan^" ,^ a nematicide made of crab shells and agricultural grade urea can 
be effectively used as a pre-plant treatment (Fiola and Lalancettle, 2000). The 
soil amending with chitin results in very sharp increase in chitinase activities 
which in turn stimulates the activity of chitin decomposing microflora 
(Rodriguez-Kabana et al, 1983; Sultana et al., 2000). 
Benhamon et al. (1994) reported that chitosan, the deacetylated 
derivative of chitin, induces systemic plant resistance against Fusarium 
oxysporumf. sp. radicislycopersici in tomato when applied as seed treatment or 
soil amendment through induction of physiological and structural changes in 
the host plant. Kallmann et al. (1999) demonstrated that the addition of chitin 
to soil at 1% w/w eliminated plant-parasitic nematodes in a first planting of 
cotton cv. 'Rowden' and significantly reduced Meloidogyne incognita 
infestation in a second planting, confirming long-term nematode 
suppressiveness induced by this organic amendment. The chitin amendment 
was associated with an increase in fungal and bacterial populations, especially 
those with chitolytic activity. 
The soil amending with chitin was effective for control of various plant-
paraSitic nematodes like Meloidogyne incognita in tomato (Spiegel et al., 1986; 
Jayakumar et al, 2004a), Heterodera and Tylenchulus semipenetrans in wheat 
(Spiegel et al., 1989), Tylenchulus semipenetrans in orange (Mankau and Das, 
1974), Pratylenchus penetrans and Tylenchorhynchus dubius on cucumber 
(Miller et al., 1973), Meloidogyne arenaria (Mian et al., 1982; Godoy et al., 
1983b), Meloidogyne javanica in chickpea (Ehtesamul-Haque et al., 1997). 
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Kalaiarasan et al. (2006) reported that the soil application of chitin 
(applied @1% w/w) and chitinolytic biocontrol agents (Pseudomonas 
flourescens and Trichoderma viridae @1.5 kg/ha each) promoted the plant 
growth of groundnut cv. 'Co3', to the tune of 39.7% and also increased the 
yield of the crop up to 27.8% compared to control. These chitinolytic 
biocontrol agents {Pseudomonas flourescens and Trichoderma viridae) also 
possess the enzyme activity of lipase, protease, chitinase, glucanase etc. 
(Morton et a/., 2004). So the possible way of destructing the nematode eggs is 
through the action of these lipases and proteases. 
Animal manures have been used since the beginning of agricultural food 
production to improve soil fertility, recycle nutrients, improve biological and 
physical properties of soil and increase crop yield (Rodriguez-Kabana et al, 
1987; Sims and Wolf, 1994). The research with animal manures amended in 
soil, have shown that they possess nematode-suppressive properties 
(Montasser, 1991; Kalpan and Noe; 1993; Opperman et al, 1993; Stephan, 
« 
1995; Oka and Yermiyahu, 2002). The mode of action, however, has not yet 
been fully determined. The application of manure enhances soil fertility, aids in 
controlling plant-parasitic nematodes and provides a mean of disposing off the 
manure. 
Abubakar et al (2004) reported that soil amending with cow dung, urine 
and their mixture significantly reduced the extent of root-galling and nematode 
multiplication of root-knot nematode, Meloidogyne incognita race 1 and 
improved the various plant growth parameters of tomato cv. 'Sokoto'. Similar 
results of reduction in nematode populations by soil amending with cow dung 
were also reported by Babatola (1990) and Abubakar and Majeed (2000). 
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Poultry is an important segment of agricultural production and poultry 
litter generated will require improved disposal methods, as environmental 
regulations become more limiting. Chicken manure is potentially an 
environmental contaminant of water and disposal over large land areas is a 
desirable option. Chicken litter, a common form of poultry manure, consists of 
manure and pine shaving beddings, contains significant quantities of N, P, K, 
Ca, Mg and micronutrients and can be used as a substitute for commercial 
fertilizers (Ndegwa et ai, 1991). Several researchers have reported that the 
chicken litter when applied to the soil as an organic amendment will lower the 
densities of plant-parasitic nematodes (Gonzales and Canto-Saenz, 1993; 
Owino and Waudo, 1995; Riegel et al., 1996; Riegel and Noe, 2000; 
Ravichandra et al., 2001; Ribeiro et al., 2002; Ami and Al-Sabie, 2004 ). This 
suppression of nematodes is probably a combination of enhanced microbial 
activity and constituent toxicity. The majority of nitrogen in poultry manure is 
in the form of uric acid that can be rapidly converted to ammonium nitrogen if 
temperature, pH and moisture are suitable for microbial activity (Sims and 
Wolf, 1994). The ammonia produced has been shown to kill plant-parasitic 
nematodes (Eno et al., 1993). The presence of pine shavings in litter serves as a 
carbon source and reduces phytotoxicity caused by the accumulation of 
ammonia and nitrates (Huebner et al., 1983). 
The efficient management of plant-parasitic nematodes requires the 
carefully integrated combination of several methods. Although each individual 
method of management has a limited use, together, they help in reducing the 
nematode populations in agricultural soil or in plants more efficiently. With the 
on going progress in research, a public desire for methods of 
managing/reducing plant pests in ways that are cheap, easily available, eco-
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friendly and do not pollute or otherwise degrade the environment, has increased 
concomitantly. The integrated pest management (IPM) provides a working 
methodology for pest management in sustainable agricultural systems. One 
such method employed for maintaining the populations of plant-parasitic 
nematodes below the economic threshold level, is the mixed cropping practice, 
sometimes also referred to as intercropping, which is a form of multiple-
cropping system using host and non-host crops at the same place and time 
(Blair, 1992; Rodriguez-Kabana and Canuilla, 1992). It has been reported by 
several workers that different cropping sequences reduce the populations of 
some harmful phytonematodes to the levels that do not cause economic losses 
(Alam et al., 1981; Idowa and Fawoie, 1989; Upadhyay et al, 1997; Haider et 
al., 2001a; Haider and Pathak, 2001). 
Haider et al. (2004) reported that the intercropping two rows of yellow 
sarson (Brassica campestris var. TondJBrassica campestris var. sarson) with 
sugarcane, recorded the highest reduction (23.7%) in nematode populations 
followed by sugarcane + one row of yellow mustard at the time of harvest of 
intercrops. This sequence showed prolonged effect of toxicity as evidenced by 
21% reduction in nematode population from initial density level at the time of 
harvest of sugarcane. Sugarcane + yellow mustard intercropping system 
exhibited the highest cane equivalent yield. Similar results of inclusion of 
mustard, a poor host for several nematodes, in different cropping sequences for 
reducing nematode populations have been reported by several other workers 
(Singh and Sitaramaiah, 1993; Kumar et al, 2006). Prasad et al. (2004) found 
the highest linseed equivalent when linseed was intercropped with mustard 
followed by gram. The decrease in nematode populations by intercropping 
mustard could be attributed to the presence of 2-propenyl isothiocynate in 
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mustard having nematicidal activity as reported by Kowalska and Sonalinska 
(2001). 
Recently, Sundararaja (2005) reported that the maximum reduction in 
root-lesion index and nematode population of root-lesion nematode, 
Pratylenchus coffeae was observed where marigold (Tagetes erecta) was 
grown as an intercrop and was at par with chemical treatment. The yield of 
banana increased significantly to 12.5 and 12 kg/plant in plants treated with 
chemical pesticides and intercropped with marigold respectively, compared to 
minimum bunch weight of 7kg/plant in untreated control, but the use of 
marigold as an intercrop in banana fields warrants more economical and eco-
friendly approach compared to chemical nematicides. Similar findings were 
also reported by several workers who reported that intercropping marigold with 
different crops can reduce the population of plant-parasitic nematodes thereby 
exhibiting a better plant growth (Siyanand et al, 1994; Dhanger et aL, 2002; 
Moussa et al, 1997; Yen et al, 1998; Uma Shankar et al, 2005). 
Vetrivelkalai and Subramanian (2006) observed that the population 
dynamics of several plant-parasitic nematode species increased and maintained 
during cropping period but reduced sharply during fallow period in all the 
cropping sequences viz., sorghum-fallow, tomato-fallow, cotton-fallow and 
blackgram-fallow. The least population of Meloidogyne incognita was 
observed during cropping period but not recovered during fallow period in 
tomato-fallow and cotton-fallow cropping sequences. Similar results were also 
reported by Wani (2005) who observed that the cropping-sequence wheat-
chilli-fallow caused greatest reduction in the nematode population followed in 
the descending order of efficiency by lentil-cowpea-mung, chickpea-okra-
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chilli, mustard-mung-tomato and tomato-fallow-okra, however, the extent of 
field ploughing also playing an important role, and deep ploughing being more 
« 
effective than normal ploughing. Similarly, Cabanillis et al. (1999) reported 
that sorghum-fallow and cotton-fallow reduced Rotylenchulus reniformis 
populations. 
The crop rotation may provide a short-term suppression of nematode 
population densities (Starr et al, 2002). However, due to the polyphagous 
nature of the pest as well as the relatively low economic value of some 
recommended rotational crops, control of root-knot nematodes by crop rotation 
becomes very limited (Waceke et al., 2001). The crop rotation to a non-host 
crop is often adequate by itself to prevent nematode population from reaching 
economically damaging levels. However, it is necessary to positively identify 
the species of plant-parasitic nematodes in order to select appropriate crops, 
which should be poor hosts or non-hosts for the prevailing nematode species. 
Besides the naturally occurring nematode suppressiveness which has been 
reported by several agricultural systems (Kluepfel et al, 1993), 
suppressiveness can also be induced by crop rotation with antagonistic plants 
such as velvet bean, Mucana deeringiana (Vargas et al., 1994) and 
switchgrass, Panicum virgalum (Kokalis-Burelle et al, 1995). Some of the 
selected non-host plants that can be effectively used in the crop rotation 
practice against various plant-parasitic nematodes are listed in Table I. 
Various cover or trap crops and antagonistic plants are useful for 
reducing nematode populations as well as conserving soil and often improving 
soil texture (Nusbaum and Ferris, 1973; Alam and Jairajpuri, 1990; Abawi and 
Thurston, 1994). In localities where land availability permits, the use of cover 
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Table I: List of selected non-host plantsmseful in crop rotation 
Nematode species 
Belonolaimus longicaudatus 
B. gracilis 
Helicotylenchus dihystera 
Heterodera glycines 
H. schachtii 
H. zeae 
Globodera rostochiensis 
Hoplolaimus indicus 
Meloidogyne javanica 
M. hapla 
M. incognita 
Meloidogyne spp. 
Paratrichodorus minor 
Pratylenchus leiocephalus 
P. penetrans 
Pratylenchus spp. 
Radopholus similes 
Tylenchorhynchus mirzai 
T. brassicae 
Xiphinema americanum 
Non-hosts or poor hosts 
Crotalaria spp., C. spectabilis, hairy indigo, 
Crotalaria spp., tobacco, watermelon 
Alfalfa, maize, fescue 
Maize, cowpea, potato, tobacco, most 
vegetables 
Alfalfa, bean, clover, maize, onion 
Wide range of crops 
Maize, green beans, red clover 
Cabbage, chilli, eggplant 
Cotton, groundnut, sorghum, velvet bean 
Maize, cotton, grasses, lettuce, onion, radish 
Fescue, orchard grass 
Crotalaria spectabilis, millet, oats, wheat 
Maize, Crotalaria spectabilis 
Groundnut 
Alfalfa, beet, fescue, marigold, oats, rye 
Lettuce, onion, radish 
Crotalaria spectabilis 
Wheat 
Potato, tomato 
Alfalfa, maize, fescue, tobacco 
Source: Trivedi and Barker (1986) 
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crops, especially the plants that serve as trap crops or offer other suppressive 
effects on nematode populations, should be considered. Carefully selected 
cover crops may serve as living mulches and provide multiple pest control 
(National Academy of Sciences, 1991). Some of the cover/trap crops, which 
can be used for managing plant-parasitic nematodes, are listed in Table II. 
Table II: Trap crops for plant-parasitic nematodes 
Nematode species 
Meloidogyne spp. 
Heterodera avenae 
H. schachtii 
Globodera spp. 
Trap crop 
Crotalaria spectabilis, 
Cowpea, English pea. 
Periwinkle, Tagetes 
minuta, Ricinus communis 
Oat 
Hesperis matronalis 
Potato 
Reference 
Patel etal, 1991; Christie, 1959; 
Godfrey and Hagan, 1934; 
Owino and Waudo, 1995. 
Stone, 1961 
Moriarty, 1961 
Carrol and McMahon, 1939 
The effects of mixed-cropping practices, crop-rotation and cover/trap 
crops on the nematode population densities and on the crop yield responses 
tend to suggest that these practices possess the potentials for crop-nematode 
management and thus these practices, if better understood and applied in a 
positive and right direction may well provide the most economically feasible 
and eco-friendly nematode management options that will be consistent with 
peasant farmers in the third world. 
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Chapter-3 
Materials dC MetHods 
MATERIALS AND METHODS 
3.1. Integrated Nematode Management with Organic Amendments/ 
Nematicides and Intercropping (Field Study): 
The aim/objective of the study was to evaluate the efficacy of organic soil 
amendments/nematicides and intercropping singly as well as in combination 
against various plant-parasitic nematodes under field conditions. The 
test/antagonistic crops were grown in the following combinations: 
Expt. 1: Egyptian clover/Barseem {Trifolium alexandrinum L. Family 
Papilionaceae) and Chicory/Kasni {Cichorium intybus L. Family 
Asteraceae). 
Expt. 2: Chicory/Kasni {Cichorium intybus L.) and Luceme/Rizka, alfalfa 
{Medicago sativa L. Family Papilionaceae). 
A field was selected harbouring moderately high population of plant-
parasitic nematodes viz., stunt nematode {Tylenchorhynchus brassicae Siddiqi), 
reniform nematode {Rotylenchulus reniformis Linford and Oliveira), filiform 
nematode {Tylenchus filiformis Butschli), lance nematode {Hoplolaimus 
indicus Sher), spiral nematode {Helicotylenchus indicus Siddiqi) and root-knot 
nematode {Meloidogyne incognita (Kofoid and White) Chitwood, at the 
Faculty of Agricultural Sciences, Aligarh Muslim University, Aligarh. The 
field was divided into two parts, one part received normal ploughing (15 cm 
deep), whereas the other part received deep ploughing (30 cm deep). Both parts 
were then further divided into 3x3m^ beds and a buffer zone of one metre left 
between the beds. Different beds, which were replicated three times and 
arranged in a random manner, received the following treatments: 
i) Untreated (Control). 
ii) Inorganic fertilizers (Inorganic fertilizers: Urea @110kg N/ha, Super 
phosphate @55 kg P/ha, and Murate of potash @55 kg K/ha). 
iii) Organic amendments (Compost, oil cakes and leaves of neem and castor 
and oil cake of groundnut @110 kg N/ha. 
iv) Nematicides (Carbofuran/Furadan 3-G (2,3-dihydro-2, 2-dimethyl 7-
benzofuranyl methyl carbamate) and Phorate/Thimet 10-G (0,0-diethyl 
S- ethyl thio methyl phosphorodithioate) @5 kg a.i./ha. 
Immediately after the treatments, the beds were watered for facilitating 
proper decomposition of the organic additives. After two weeks of treatment 
the test crops were sown singly and in different combinations (as stated above). 
The seeds were uniformly mixed before sowing by broadcasting method. 
Necessary aftercare such as watering, weeding etc. was also done throughout 
the experiment. The soil samples were taken from each bed, both prior to 
sowing and after every harvest, with the help of a soil sampler. These samples 
were collected and brought to the laboratory in polythene bags and were mixed 
thoroughly and a representative soil sub-sample of 250 g was used for isolating 
the nematodes by employing Cobb's sieving and decanting technique followed 
by modified Baermann's funnel technique (Southey, 1986). The nematodes 
were counted with the help of a counting dish (Doncaster, 1962). The crops 
were harvested three times by cutting the plants at 5 cm above field level and 
total fodder yield was determined each time. First cut was made at 60 days 
after sowing, while the subsequent cuts were made at the intervals of 40 days 
each. 
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3.2. Residual Effect of Different Treatments: 
In all the above experiments, different beds were maintained as such and were 
thoroughly prepared for the next growing season. Three week old seedlings of 
tomato {Lycopersicon esculentum Mill. Family Solanaceae) cv. 'K-25' were 
raised in autoclaved soil and transplanted without giving any further treatment 
to the beds except the ploughing treatment (normal and deep ploughing). The 
final data including nematode population, plant growth (length of shoot and 
root in terms of centimeters (cm), fresh weight of shoot and root and fruit 
weight in terms of grams (g) were determined after three months at the 
termination of the crop. 
3.3. Maintenance of Nematode Culture: 
A single healthy eggmass of root-knot nematode, Meloidogyne incognita was 
collected from the infected roots of tomato (collected from a heavily infected 
tomato field near Iglas, Mathura Road, Aligarh) and placed on a small course 
sieve (1mm pore size) lined with tissue paper and placed in 10 cm diameter 
petridish containing double distilled water. The second stage juveniles, which 
hatched out, were collected along with water from the petridish. This process 
was repeated for several days. These second stage juveniles (J2) of root-knot , 
nematode served as the initial inoculum for glass house and in vitro 
experiments. The nematode species was asserted by close examination of 
perennial pattern of the female from the first eggmass collected. It was 
confirmed by the similar examination of the randomly collected females from 
the inoculum raised as above. 
3.4. Nematode Control with Chopped Plant Leaves (Pot Study): 
Sandy loam soil, which is commonly found in Aligarh, was collected from a 
fertile field and passed through sieve (1mm pore size) for removing stones and 
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debris etc., 15 cm diameter clay pots were filled with this soil and autoclaved at 
20 lbs pressure/inch^ for 20 minutes. However, for raising seedlings, big pots 
(30 cm diameter) were filled with autoclaved soil-manure mixture (compost 
@lgN/kgsoiI). 
For evaluating the efficacy and nematostatic potential of organic soil 
amendments, chopped leaves of neem/margosa (Azadirachta indica A. Juss), 
eucalyptus {Eucalyptus citriodora Hook.), bakain/Persian lilac (Melia 
azedarach L.), castor {Ricinus communis L.), bottle-brush {Callistemon 
lanceolatus, Sm.), marigold (Tagetes patula L.), Glory Bower genus 
(Clerodendrum inerme L. Gaertn.) and white cedar {Thuja orientalis L.) were 
applied at two doses (50g and lOOg/pot) to the pots and thoroughly mixed with 
soil. Each treatment including untreated control was replicated five times. The 
pots were watered immediately for ensuring proper decomposition of the 
organic additives. After two weeks of waiting period, three week old seedlings 
of tomato {Lycopersicon esculentum Mill.) cv. 'K-25', chilli {Capsicum 
annuum L.) cv. 'Pusa Jawala', were transplanted singly into each pot. The 
seeds of okra {Abelmoschus esculentus L. Moench) cv. 'Saimla' were sown 
directly into the pots. The acclimatized plants were inoculated with 2,000 
freshly hatched second stage juveniles (J2) of root-knot nematode, Meloidogyne 
incognita (Kofoid and White) Chitwood. 
The experiments were terminated after three months. The plants were 
carefully uprooted and the roots were washed gently and thoroughly under 
running tap water. The different plant grov^h parameters including length in 
terms of centimeters (cm) and fresh weight in terms of grams (g) of shoots and 
roots were determined separately. Before taking the weight, the shoots and 
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roots were kept in between blotting sheets to remove excess amount of water. 
The extent of root-knot infection caused by the root-knot nematode was 
assessed according to the rating-scale of Sasser et al. (1984) as under: 
Root-Knot Index (RKI) 
0 
1 
2 
3 
4 
5 
Number of galls/root system 
0 
1-2 
3-10 
11-30 
31-100 
>100 
A similar experiment was also done to evaluate the efficacy of the above 
mentioned treatments against the general population of plant-parasitic 
nematodes. Clay pots (15 cm diameter) were filled with freshly obtained 
naturally infested field soil (collected from a field at Faculty of Agricultural 
Sciences, Aligarh Muslim University, Aligarh) and treated with chopped plant 
leaves at the concentrations described above. 
The pot soil was watered for ensuring proper decomposition of the 
organic additives. Three week old seedlings of the test plants viz., tomato cv. 
'K-25', chilli cv. 'Pusa Jawala' were transplanted from nursery beds raised in 
bigger pots (30cm diameter) singly to the pots after two weeks of waiting 
period, whereas the healthy seeds of okra cv. 'Saimla' were sown directly in 
the treated pots. 
The final data was obtained three months after the termination of the 
experiments. The population of plant-parasitic nematodes in the pot soil was 
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determined both prior to the appHcation of the treatments as well as after the 
termination of the experiment by employing Cobb's sieving and decanting 
technique followed by modified Baermann's fiinnel technique (Southey, 1986). 
The soil adhering to the plant roots was also washed into the bucket prior to 
soil processing. The nematodes were counted with the help of a counting dish 
(Doncaster, 1962). The different plant growth parameters were also determined 
as described above. 
3.5. Nematode Control with Neem Part/Products and Nematicides 
(Pot Study): 
For evaluating the efficacy of neem part/products alone and in combination 
with two nematicides viz., Carbofuran/Furdan 3-G and Phorate/Thimet 10-G, 
against the root-knot infestation caused by root-knot nematode, Meloidogyne 
incognita (Kofoid and White) Chitwood, the experiments were conducted 
under glass house conditions. Clay pots (15 cm diameter) filled with 1 kg 
autoclaved soil were treated with chopped neem leaves applied @100g/pot, 
seed powder and oil cake of neem applied @50g/pot and carbofuran and 
phorate applied @2g/pot. When applied in combinations the concentration of 
the .treatments was halved. The pots were watered immediately after the 
application of the treatments for ensuring a better decomposition of the 
additives. There were five replicates for each treatment. After two weeks of 
waiting period, three week old seedlings of tomato {Lycopersicon esculentum 
Mill.) cv. 'K-25' and chilli {Capsicum annuum L.) cv. 'Pusa Jawala' were 
transplanted singly to each pot. The seeds of okra (Abelmoschus esculentus L. 
Moench.) cv. 'Saimla' were sown directly into the pots. After one week of 
transplantation, the plants were inoculated by making 3-5 cm deep, 4-5 holes in 
a radius of 1.5 cm around the plant and predetermined number (2000 J2/plant) 
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of root-knot nematode, Meloidogyne incognita in aqueous suspension were 
poured into the holes using a sterihzed pipette. The holes were then plugged 
gently with sterilized soil. 
Three months after inoculation, the plants were carefully uprooted from 
the pots and the roots were washed in running tap water to remove the adhering 
soil particles. Excess water was removed with the help of blotting paper. The 
plant growth parameters including the length (cm) and weight (g) of shoot and 
root was determined. The extent of root-knot infestation was assessed 
according to the rating scale of Sasser et al. (1984). 
To assess the nematotoxic potential of the above-mentioned treatments 
against the general population of plant-parasitic nematodes and their effect on 
the development of the test plants, the experiments were conducted in clay pots 
(15 cm diameter) filled with 1 kg naturally infested field soil. The pots were 
treated in a similar manner as described in 3.5. The initial and the final 
populations of the plant-parasitic nematodes were determined by employing 
Cobb's sieving and decanting technique followed by modified Baermann's 
funnel technique. The plant growth of various test plants was determined by 
measuring the length (cm) and fresh weight (g) of shoot and root. 
3.6. Nematode Control with Oil cakes and Nematicide (Pot Study): 
The glasshouse experiments were established for evaluating the efficacy of oil 
cakfes of various plants (viz., neem, castor, groundnut and mustard) alone and 
in combination with a nematicide, Carbofuran/Furadan 3-G (2,3-dihydro-2, 2-
dimethyl 7- benzofliranyl methylcarbamate), against the root-knot development 
caused by root-knot nematode, Meloidogyne incognita (Kofoid and White) 
Chitwood, and their potential in enhancing the plant growth characters of 
various test plants including tomato cv. 'K-25', chilli cv. 'Pusa Jawala' and 
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okra cv. 'Saimla'. Clay pots (15 cm diameter) filled with 1 kg autoclaved soil 
was treated with different oil cakes applied @50g/pot alone and in combination 
with carbofuran applied @2g/pot. The pots were watered soon after the 
application of different treatments for facilitating the proper decomposition of 
the organic additives. There were five replicates for each treatment including 
the untreated uninoculated and untreated inoculated control. Each pot was 
inoculated with an initial inoculum level of freshly hatched second stage 
juveniles of root-knot nematode, Meloidogyne incognita applied @400 Ji/pot. 
The experiments were terminated after three months from the time of 
inoculation. The plants were uprooted and washed gently under running tap 
water. The nematode developing characters including number of galls/g of root 
and number of eggmasses/g of root were assessed. The soil population of 
nematode was also assessed by taking 200cc of soil samples from each pot and 
employed for isolation through Cobb's sieving and decanting technique 
followed by modified Baermann's furmel technique. The various plant growth 
parameters (fresh weight in gms and length in cm of shoot and root, number of 
fruits and fioiit weight (g) were also determined. 
The effect of these treatments against *he general population of plant-
parasitic nematodes (as mentioned in 3.4) was also assessed by treating the 
naturally infested field soil (1 kg filled in 15 cm diameter clay pots) with these 
treatments at the same concentration as described above. The initial and final 
population of nematodes and plant growth characters (fresh weight and length 
of shoot and root) were determined after the termination of the experiment as 
described in 3.4. 
50 
3.7. Nematode Control with 'Nimin', Neem-gold and Different Plant 
Oils (Pot Study): 
For evaluating the efficacy of 'Nimin' (a triterpene rich neem product of 
Godrej Soaps Limited, India), neem-gold (a neem product of Khadeshwar Oil 
Mills Ltd., Aurangabad-1, Maharashtra, India) and various plant oils (neem oil, 
castor oil and mustard oil) as urea coating agents (1, 2 or 3 g of 'Nimin' and 
neem-gold and 1, 2 or 3 ml of different oils mixed with lOOg urea) against the 
population of plant-parasitic nematodes present in the naturally infested field 
soil, root-knot development caused by Meloidogyne incognita and their effect 
on the plant growth of tomato cv. 'K-25', chilli cv. 'Pusa Jawala' and okra cv. 
'Saimla', pots were filled with soil and incorporated with urea (@lg N/pot) 
coated with different amounts of'Nimin'. Three week old seedlings of tomato 
and'chilli raised in autoclaved soil and healthy seeds of okra cv. 'Saimla' were 
transplanted singly to pots containing naturally infested field soil and 
autoclaved soil. The pots containing autoclaved soil were inoculated @2000 J2 
of Meloidogyne incognita/pot. There were five replicates for each treatment 
including control (uncoated urea). The final data including the fresh weight and 
length of shoot and root and total population of different plant-parasitic 
nematodes in case of naturally infested field soil and root-knot development in 
case of inoculated soil, were determined as per procedure described in 3.4. 
3.8. Nematode Control with Neem Parts and Nematicides (Field 
Study): 
The experiments were carried out in randomized block design in root-knot 
nematode, Meloidogyne incognita (Kofoid and White) Chitwood, infested field 
at Faculty of Agricultural Sciences, Aligarh Muslim University, Aligarh, to 
evaluate the nematicidal properties of various neem parts/products (chopped 
neem leaves, seed-powder and oil cake) alone and in combination with two 
nematicides (Carbofuran/Furdan 3-G and Phorate/Thimet 10-G). The field was 
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plotted with a plot size of 3x3m^ and a buffer zone of 1 m was maintained 
between the beds. The individual treatments applied were: 
Chopped neem leaves @2kg/plot; Seed powder @1 kg/plot; Oil cake @1 
kg/plot; Carbofuran and Phorate @60 g/plot. 
The concentration of all the treatments was halved when applied in 
combinations. Each treatment was replicated five times including the untreated 
control. After application of the treatments, all the plots were watered 
immediately for the proper decomposition of the organic additives into the soil. 
After 10 days of waiting period three week old seedlings of tomato cv. 'K-25' 
and chilli cv. 'Pusa Jawala', raised in nematode free autoclaved soil were 
collected for planting in the furrows. Seeds of okra cv. 'Saimla' were sown 
directly in furrows in each plot. Necessary after care including timely irrigation 
and weeding etc., was done throughout the course of experiments. The varigus 
plant growth characters including length (cm) and fresh weight (g) of shoots 
and' roots, number of leaves, number of fruits, yield/kg/plot and various 
nematode developing characters (number of galls/plant and number of 
eggmasses/plant) were determined after 90 days of planting. The soil 
population of the nematode was estimated by collecting 250gm of soil samples 
from each plot after 45 days and 90 days of planting. The soil samples were 
taken to the laboratoiy in tagged polythene bags and processed through Cobb's 
sieving and decanting technique followed by modified Baermann's fiirmel 
technique (Southey, 1986). 
3.9^ Antinemic Action of Leaf Extracts (Pot Study): 
The aqueous extract of fresh leaves of neem/margosa {Azadirachta indica A. 
Juss), castor {Ricinus communis L.), bakain/Persian lilac (Melia azedarach L.), 
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marigold {Tagetes patula L.) and a neem-based commercial product, neem-
golcj (A neem product of Khadkeshwar Oil Mills Ltd., Aurangabad-1, 
Maharashtra, India) were prepared by boiling 100 g of young chopped leaves 
and 100 g of neem-gold powder in 500 ml of distilled water. The boiling was 
continued until approximately 100 ml of liquid content was left behind. The 
seeds of tomato cv. 'K-25', chilli cv. 'Pusa Jawala' and okra cv. 'Saimla' were 
soaked for 4 hours in 0.5%, 1.0% and 1.5% concentrations of the aqueous 
extracts of all the treatments. Five healthy seeds of the test crops were sown in 
15 cm diameter earthen pots filled with 1 kg autoclaved soil. After proper 
germination thinning was done to leave one plant in each pot. After the proper 
acclimatization of the plants, the nematode inoculation @2000 freshly hatched 
second stage juveniles of root-knot nematode, Meloidogyne incognita was 
done. Each treatment was replicated five times including the untreated 
inoculated control. The crops were harvested after three months and the plants 
were gently uprooted and washed carefully under running tap water. The 
various plant growth characters viz., length (cm) and fresh weight (g) of shoots 
and roots, and the extent of root-galling (According to 0-5 scale of Sasser et al., 
1984) were determined. 
Statistical Analysis: 
The' data of the experiments 3.1-3.2 and 3.4-3.9 was statistically analyzed, 
using SPSS 12.00 software (SPSS Inc., Chicago, IL, USA) for analysis of 
variances. All the values were presented as the mean which were compared 
according to Least Significant Difference/Critical Difference (CD.) at P = 0,05 
and P = 0.01 level. 
3.10. Bare-Root-Dip and Larval Penetration (Pot Study): 
The chopped leaves and oil cake of neem/margosa, castor and a nematicide, 
Carbofuran/Furadan 3-G were taken to evaluate the biotoxicity of their extracts 
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against the larval penetration of second stage juveniles of the root-knot 
nematode, Meloidogyne incognita in vitro into the roots of tomato cv. 'K-25' 
and chilli cv, 'Pusa Jawala'. For this, 25 g of chopped leaves and oil cake 
powder of neem and castor were kept over night in 75 ml double distilled water 
and 1 gm of carbofuran was dissolved in 10 ml of 90% alcohol. 
The roots of three week old seedlings of tomato, chilli and okra raised in 
sterilized pots containing manure supplemented autoclaved soil, were dipped in 
the leaf, oil cake and chemical extracts for 60 and 120 minutes separately. Each 
treatment was replicated five times. After the dip treatment the roots were 
thoroughly washed and the seedlings were transplanted singly to 5 cm clay pots 
containing thoroughly washed river sand. The seedlings were inoculated with 
1000 freshly hatched second stage juveniles of Meloidogyne incognita. The 
dipped inoculated seedlings were removed gently after 72 hours and the sand 
was* isolated by using Cobb's sieving and decanting technique followed by 
modified Baermann's funnel technique, for assessing the remaining number of 
larvae which could not have penetrated the roots of the test plants. After 
deduction of this figure from the initial number of inoculated larvae, the extent 
of larval penetration was determined and percent inhibition over undipped 
inoculated control was calculated. 
3.11. Bare-Root-Dip in Water Soluble Fractions of Oil cakes, Leaf 
and Chemical Extracts (Pot Study): 
The water soluble fractions (WSF) of oil cakes of neem and castor were 
obtained by dissolving 25 g of oil cake powder in 100 ml distilled water and 
decomposing them for 15 days at 20±2°C. The undecomposed water soluble 
fractions were also prepared by soaking same amount of oil cakes in distilled 
water for only one hour. The water soluble fractions were obtained by filtration 
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through muslin cloth. These WSF were termed as standard 'S'. Further 
dilutions viz., S/2 and S/10 were obtained by adding requisite amount of 
distilled water to 'S'. The water soluble fractions of leaf extracts and that of 
carbofuran were obtained by same procedure as described in 3.9. The filtered 
concentration was labelled as 'S' from which S/2 and S/10 were prepared as 
above. The roots of three week old seedlings of tomato cv. 'K-25' and chilli cv. 
'Pusa Jawala', raised in 15 cm clay pots containing sterilized soil were dipped 
for 30 minutes in S, S/2 and S/10 concentrations of above-mentioned water 
soluble fractions (WSF). 
Both uninfected seedlings (Raised in pots containing 1kg manure 
supplemented autoclaved soil) as well as pre-infected seedlings (One week old 
seedlings raised in autoclaved pots (as above) were transplanted to 5cm 
diameter clay pots singly and inoculated with 1000 freshly hatched second 
stage juveniles of Meloidogyne incognita and two weeks later these seedlings 
were used for root-dip treatment) of tomato and chilli (three week old), were 
given bare-root-dip treatment (for 30 minutes) in different dilution of water 
soluble fractions of various oil cakes, leaves and chemical extracts and 
thereafter transplanted singly to each pot (15 cm diameter) containing 1 kg 
autoclaved soil. Each treatment was replicated five times including infected 
undipped and uninfected undipped control. After one week the uninfected pre-
treated seedlings of both tomato as well as chilli plants were inoculated with 
second stage juveniles of root-knot nematode, Meloidogyne incognita @I000 
Ja/plant. After three months the plants were uprooted carefully and different 
plant growth parameters (plant length (cm) and |i;esl^ .iw6i^ tt*(g!)/pf shoots and 
roots), and root-knot index were determined. :^' f 
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3.12. Antinemic Action of Oil cakes and Leaf Extracts {In Vitro 
Studies): 
The fresh and young leaves of neem/margosa {Azadirachta indica A. Juss), 
eucalyptus {Eucalyptus citriodora Hook.), bakain/Persian lilac {Melia 
azedarach L.), castor {Ricinus communis L.), bottlebrush {Callistemon 
lanceolatus Sm.), marigold {Tagetes patula L.), Glory Bower genus 
{Clerodendrum inerme L. Gaertn.) and white cedar {Thuja orientalis L.) were 
washed under running tap water and 25 g of each were dissolved in 75ml of 
distilled water and kept over night. These leaves were then macerated 
separately in a waring blender and centrifuged at 320 rpm. The centrifuged 
supernatant was filtered through Whatmann's Filter Paper No. 1 and the filtrate 
was tenned as standard 'S'. The extracts were diluted to S/2, S/10 and S/100 
with distilled water. Approximately 100 freshly hatched second stage 
juveniles/hand picked specimens (Khan et al., 1972) of ecto parasitic 
nematodes were transferred separately to 40 mm diameter petridishes 
containing 10ml of the various dilutions of water extracts, according to the 
method of Alam (1985). Petridishes containing sterilized water served as 
control. Each treatment was replicated five times. The immobilized (dead) 
nematodes were counted after 12, 24 and 48 hours. The mean percentage of 
mortality was calculated. Mortality of nematodes was assessed after the 
juveniles/nematodes were transferred to plain water. 
For hatching experiments, five average-sized and healthy eggmasses of 
root-knot nematode, Meloidogyne incognita were picked with the help of 
sterile forceps and transferred separately into 40 mm petridishes containing 10 
ml of the above test extracts. Each treatment was replicated five times 
including distilled water control. The number of hatched juveniles was counted 
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after five days and the percent inhibition over distilled water control was 
calculated. 
The water soluble fractions (WSF) of the decomposed and 
undecomposed oil cakes of neem, castor, groundnut and mustard were prepared 
in the same manner as described in 3.10 and their antinemic potential was 
assessed as above. 
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Chapter-4 
EXPERIMENTAL RESULTS 
4.1: Integrated Nematode Management with Organic Amendments/ 
Nematicides, Ploughing and Intercropping: 
The bioefficacy of chopped leaves and oil cakes of neem and castor, oil cake of 
groundnut, two nematicides (carbofuran/Furadan and phorate/Thimet) and 
intercropping with antagonistic crops grown alone and in different 
combinations was evaluated against naturally occurring populations of plant-
parasitic nematodes under normal (15 cm deep) and deep ploughed (30 cm 
deep) field conditions, in order to check the nematicidal activity, if any, present 
in these organic amendments. 
4.1.1: Intercropping of Chicory/Kasni with Egyptian cIover/Berseem and 
Lucerne/Rizica, alfalfa in normal and deep ploughed field: 
Egyptian clover/berseem (Trifolium alexandrinum L.), Lucerne/rizka, alfalfa 
{Medicago sativa L.) and Chicory/kasni {Cichorium intybus L.) are the three 
major fodder crops for dair>' animals. It is well known that plant-parasitic 
nematodes adversely affect the fodder production of Lucerne/rizka and 
Egyptian clover/berseem, however, on the other hand a preliminary study 
revealed that field having Chicory/kasni, consistently harboured low population 
of plant-parasitic nematodes. Therefore, it was considered desirable to explore 
scientific explanation of the age-old practice of intercropping chicory/kasni 
with other two important fodder crops and to check their antagonistic nature 
against the populations of various plant-parasitic nematodes. 
Egyptian clover/Bcrscem (Trifolium alexandrinum L.): 
In untreated beds the plant-parasitic nematodes, Tylenchorhynchus brassicae, 
Rotylenchulus reniformis, Hoplolaimus indicus and Meloidogyne incognita 
multiplied freely, in both normal as well as deep ploughed fields, indicating 
that Egyptian clover/berseem is a good-host for these nematodes, however, 
Tylenchus filiformis did not support the crop. The population of different 
nematodes gradually increased with successive cuts in untreated control beds, 
whereas the application of different organic amendments brought about 
significant reduction in their count. In normal ploughed soil, the final 
population of different plant-parasitic nematodes/250 g of soil in untreated beds 
and those of treated with compost, inorganic fertilizer, neem leaves, neem cake, 
castor leaves, castor cake, groundnut cake, carbofuran + inorganic fertilizer and 
phorate + inorganic fertilizer was 2042, 1276, 1207, 1150, 1012, 1237, 1054, 
1094, 913 and 966 respectively and the corresponding figures in deep ploughed 
beds for the same treatments were 1923, 1251, 1164, 1074, 980, 1187, 1009, 
1058, 875 and 920 respectively after the first cut, whereas the initial population 
was 1670 (Table la). It was interesting to note that the nematode population 
declined gradually in the treated beds with successive cuts of the crop. At 
termination of the experiment (third cut), there was much reduction in 
nematode population in beds treated with carbofuran + inorganic fertilizer 
(797/250 g of soil in normal ploughed field and 728/250 g of soil in deep 
ploughed field), followed by phorate + inorganic fertilizer 844 and 790/250 g 
of soil, neem cake (901 and 849), castor cake (947 and 891), groundnut cake 
(993 and 936), neem leaves (1086 and 991), castor leaves (1132 and 1051), 
inorganic fertilizer (1146 and 1136), whereas the beds treated with compost 
showed least response in controlling the nematode population and the figures 
of total nematode population in the normal and deep ploughed fields after first, 
second and third cut were 1276 and 1251; 1227 and 1210; 1205 and 1167 
respectively (Table la- Ic). 
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As a result of the reduction in the nematode population due to different 
treatments, the fodder yield improved but to varying extent in different cuts in 
both normal and deep ploughed beds. The highest fodder yield was recorded in 
beds treated with carbofuran + inorganic fertilizer followed by phorate + 
inorganic fertilizer, neem cake, castor cake, groundnut cake, neem leaves and 
castor leaves. The corresponding yields in the above treatments in normal and 
deep ploughed beds were 283, 275, 261, 254, 245, 239, 212 and 289, 282, 265, 
260, 249, 240 and 229 q/ha in the first cut, 277, 268, 260, 255, 250, 241, 218 
and 291, 289, 270, 264, 260, 249 and 226 q/ha in the second cut and 250, 243, 
235, 230, 225, 215, 205 and 265, 258, 250, 242, 235, 225 and 219 q/ha in the 
third cut respectively (Table la- Ic). 
Lucerne/Rizka, alfalfa {Medicago sativa L.): 
Luceme/rizka appeared to be a good-host for Meloidogyne incognita, 
Tylenchorhynchus brassicae, and Hoplolaimus indicus because these 
nematodes multiplied frequently on this crop in both normal as well as deep 
ploughed fields whereas it can be regarded as a poor-host for Helicotylenchus 
indicus and a non-host for Tylenchus filiformis on the basis of their 
multiplication (Table 2a-2c). 
Among different treatments, in both normal and deep ploughed beds, the 
combined effect of carbofuran with inorganic fertilizer was found to be most 
effective in reducing the nematode population followed by phorate + inorganic 
fertilizer, neem cake, castor cake, groundriut cake, neem leaves and castor 
leaves at the first cut where the total population was 872, 908, 952, 995, 1045, 
1091, 1124 and 808, 847, 904, 954, 996, 1025 and 1066 in the normal and deep 
ploughed beds respectively. The population of these nematodes was further 
reduced in the second cut and after the third cut the corresponding figures in 
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the normal and deep ploughed beds were 776, 824, 878, 922, 972, 1025, 1068 
and 751, 801, 839, 883, 932, 977 and 1019 respectively. From the initial level 
of 1670/250 g soil, the nematode population increased to 1977 and 1909 in 
untreated beds whereas the figures in compost treated beds in normal and deep 
ploughed beds were 1224 and 1153 respectively at the termination of the 
experiment. Inorganic fertilizers exhibited some degree of nematode 
suppression but population levels showed a slight increase in three successive 
cuts (Tables 2a-2c). 
The fodder yield enhanced in all the treatments in both normal and deep 
ploughed beds due to reductions in the nematode populations. Carbofuran in 
combination with inorganic fertilizer was found to be most effective in 
increasing the fodder yield, followed by phorate + inorganic fertilizer, neem 
cake, castor cake, groundnut cake, neem leaves and castor leaves respectively. 
The* corresponding yields in the above treatments in the normal and deep 
ploughed fields were: 302, 296, 290, 282, 278, 272, 264 and 307, 300, 294, 
287, 282, 278 and 272 q/ha respectively in the first cut. However, the fodder 
yield showed a slight decrease in the other two successive cuts (Tables 2a-2c). 
Chicory/Kasni {Cichorium intybus L.): 
In both normal and deep ploughed beds, Meloidogyne incognita showed a 
better multiplication rate and the population levels of all other nematodes 
declined on Chicory/kasni in untreated beds. Further stress in suppressing the 
nematode population was observed when beds were treated with various 
organic amendments and the nematicides. 
The application of leaves and oil cakes of neem and castor, oil cake of 
groundnut, carbofuran and phorate brought about significant reduction in the 
61 
populations of plant-parasitic nematodes in both normal and deep ploughed 
fields. Maximum reduction was found in beds treated with carbofuran + 
inorganic fertilizer followed by phorate + inorganic fertilizer, neem cake, castor 
cake, groundnut cake, neem leaves and castor leaves and the figures of the total 
nematode populations obtained in the beds treated with these organic additives 
were 689/250 g of soil in normal ploughed field and 650/250 g of soil in deep 
ploughed field, 728 and 684, 775 and 722, 817 and 781, 834 and 802, 856 and 
786, 883 and 825 respectively at the termination of the experiment i.e., at the 
third cut (Table 3c). 
The corresponding yields in the above treatments in normal and deep 
ploughed beds were 280, 274, 265, 258, 250, 245, 238 and 282, 277, 267, 261, 
253, 250 and 241 q/ha in the first cut and 259, 252, 242, 240, 232, 228, 226 and 
261, 253, 243, 242, 234, 231, and 228 q/ha in the third cut respectively (Tables 
3a-3c). 
Egyptian clover/Berseem and Chicory/Kasni as mixed-crops: 
In the present experiment the nematode suppressant effects of Chicory/kasni 
were examined when this crop was grown with Egyptian clover/berseem as 
mixed-crop. In untreated control there was some reduction in the population of 
plant-parasitic nematodes due to Chicory/kasni in both normal and deep 
ploughed fields. Further stress on nematode population was brought about by 
the application of different oil cakes, leaves, carbofiiran and phorate (Tables 
4a-4c). 
In the normal and deep ploughed untreated beds, after the termination of 
the experiment the population of plant-parasitic nematodes decreased frorri the 
initial level of 1670/250 g of soil to 1506 and 1410 respectively (after third 
62 
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cut); it was 1082 and 1047/250 g of soil in beds treated with compost, whereas 
other treatments brought about greater reduction in the total nematode count, 
highest being in carbofuran + inorganic fertilizer (602 and 577/250 g of soil). It 
was followed by phorate + inorganic fertilizer (662 and 602/250 g of soil), 
neem cake (705 and 678), castor cake (733 and 701), groundnut cake (767 and 
720), neem leaves (805 and 760) and castor leaves (835 and 785/250 g of soil). 
Mixed fodder yield of Egyptian clover/berseem and Chicory/kasni 
greatly improved in all the treatments in both fields compared with untreated 
control. In the treated beds the highest increase in fodder yield was observed in 
those neem cake (yield = 282 and 287 q/ha) followed by carbofuran + 
inorganic fertilizer (268 and 271 q/ha), phorate + inorganic fertilizer (268 and 
271 q/ha), castor cake (260 and 266 q/ha), groundnut cake (255 and 259 q/ha) 
neem leaves (249 and 253 q/ha) and castor leaves (245 and 249 q/ha) compared 
with 129 and 132 q/ha in untreated control, 220 and 225 q/ha in inorganic 
fertilizer and 180 and 184 q/ha in compost treated beds, at the termination of 
the experiment (third cut). Similar trend was also noted for the first and second 
cuts (Tables 4a-4c). 
Lucerne/Rizka, alfalfa and Chicory/Kasni as mixed-crops: 
Antagonistic effects of Chicory/kasni to the nematodes was observed when it 
was grown singly even without any treatment. In the present experiment the 
effepts of Chicory/kasni as mixed-crop with Luceme/rizka in normal (15 cm 
deep) and deep ploughed (30 cm deep) fields were studied. Increase in the 
population of the plant parasitic-nematodes on Luceme/rizka was significantly 
declined when it was grown as mixed-crop with Chicory/kasni, the depth of 
ploughing also playing an important role where more reduction in the 
nematode population was observed in the deep ploughed fields. There was 
63 
*M 
CQ 
b 
C9 
a 1 
• M 
"a ( M 
Q 
§ ? 
S 2 Q . 1 -
o b 
« 2 
.£3 9i *- G 
§.s 
& ^ 1 s 
C3 W . 
1 c 
2 S 
(SB'S 
a 5 • S CQ 
-2 2 CL'U 
•o c S -2 
'O OB 
•3 w 
C3 *" 
« c« 
B Jj 
^ «fi 
•<-> a OD (U c 
I'S. T3 D. 
s 0 
v u 
B V 
C3 B 
pDum fe ° 
CM 2 
0 i ; 
- • ^ " I ^ 
u >> 
«2 -o 
'51 C 
« « 
"O »5 
V 4> C 13 
s a 
0 S 
u « 
• • 
• « 1 -
4 > 
H 
a. 
4) 
0 
• 0 
' S 
0 
t2 
en B 
on 
s 
_o 
"S-
01 
Q 
•0 
E 
u 
>-< 
• ^ ^ 
on B 
.fi 
3 
0 
5^  P M 
n S 
u 0 
I2 ? 
"O . 0 
b 
• M 
' 0 
V3 
0 
en 
0 
B 
.2 3 
a. 0 
•0 
0 
R 
E 
z 
0 
u< 
-
0 CA 
0 
OD 
0 
trt 
«N 
"B 
0 
•frrf 
n 
"3 
a. 
0 
a 
T3 
0 
S 
Z 
B 
V 
E 
e: 
u 
a = ; 
>, W 
>~' 
1 
0 
*<s s 
•3 
a. 
0 
S 
">> 
H 
4^ 
0 
OS 
• B 
L. 
H 
0 n 
S ^ 
^S 
0 
4> 
:s 
X 
a. 0 
S 
5 
0 
JS 
u H 
1 
0 
ON 
cn 
• * 
r^ 
f N 
0 0 
r~ 
<N 
0 
0 
0 0 
• ^ 
ON 
f S 
1 
0 
VO 
OS 
ro 
M -
m 
r-~ ( S 
0 0 
r~-(N 
0 0 
0 
0 0 
( N 
•5J-
Ov 
( N 
B 
iS 
"3 a. 
0 
a 
is 
'••-• 
"S 
</-i 
r-
•" 
i n 
VO 
0 
t ^ 
</^  CN 
o\ 
VO 
VO 
r-
0 0 
VO 
VO 
O -
Ov 
o\ 
0 
1 ^ 
1.T 
— 
i n 
^^  (^ 
^ 0 0 
Ov 
0 0 
VO 
m 
0 
f N 
«^ 
r — 
CN 
0 
E 
0 
U 
0 
0 (N 
VO 
0 0 
t ^ 
—^ CN 
m 
'^ 
m 
• < * • 
VO 
Ov 
m 
_ 
r-
m 
ON 
ON 
0 
• ^ 
CN 
f S 
• * 
m 
• ^ 
0 
CN 
VO 
0 0 
r-
u 
01 
4 - t 
U 
c: 
u 0 
B 
r^ 
i n 
CN 
CN 
0 
CN 
CN 
CN 
0 0 
r--! 
0 
i n 
i n 
r<-i 
0 
'^ 
>n 
• ^ 
CN 
0 
m 
0 0 
,_ 
m CN 
• ^ 
ro 
0 0 
m 
VO 
m 
r i 
•5f 
0 0 
• < * • 
C/l 
u 
01 
E 
0> 
Z 
m 
r-~ CN 
0 0 
CN 
0 0 
0 0 
—^ 
r^ 
CN 
i n 
f N 
0 
^ 
"* 
f N 
0 0 
CN 
f^I 
r-f N 
m 
VO 
r^ 
t— 
0 
f N 
t (N 
VO 
CN 
0 
r^ 
• ^ 
(^ 
E 
Z 
m 
• * 
f N 
0 
0 0 
Ov 
0 
CN 
0 0 
f N 
r<-i 
i n 
ON 
ro 
r 1 
• ^ 
0 
'JT 
CN 
0 0 
0 0 
i n 
f ^ 
CN 
r~-
ro 
*— 
^ 
VO 
m 
VO 
i n 
en 
o> 
> 
0 
u 
0 
VO 
CM 
1 ^ 
CN 
ON 
F—• 
VO 
CN 
0 
r<-i 
^ 
^ 
• ^ 
CN 
_ 
m 
0 0 
m CN 
m 
O N 
r^ 
i n 
» — * CN 
r-
CN 
0 
CN 
V O 
"Si-
-^ 
m 
•* 
^ 
C3 
u 
0 
*^ 
en 
C3 
U 
CN 
m 
CM 
CN 
r--
Ov 
• — I 
0 0 
CN 
CN 
m 
r-
' t 
CN 
m 
VO 
m 
0 
m CN 
r-
0 0 
0 
CN 
CN 
0 0 
CN 
ro 
m 
0 
m 
ON 
m 
r-
• ^ 
4> 
CJ 
• * - • 
3 
B 
•a 
B 
3 
0 
0 
ON 
VO 
f N 
VO 
<n 
m 
—^ 
f N 
0 
VO 
0 
0 0 
f N 
r--
0 
VO 
^ M 
m 
VO 
CN 
m 
VO 
• ^ 
r-
—^ 
i n 
0 
-^* 
—^ 
C I 
f — < 
0 
CN 
, 
0) 
fa 
exi 
0 
B 
+ 
B 
a 
0 
u 
R 
U 
r f 
VO 
f S 
m 
VO 
• ^ (^ r ^ 
(TV 
0 
0 
— 
m 
rn 
0 0 
CN 
CN 
0 
VO 
CN 
VO 
0 
C--
0 
0 
»-• 
• t 
•— 
Ov 
r—• 
0 0 
0 
CN 
i n 
CN 
• * i * 
0> 
fa 
oil 
0 
B t-H 
+ 
• 4 ^ 
0 
Ok 
Ov 
—^ 
i n 
VO 
(~~ CN 
CO 
CN 
CN 
CN 
Ov 
CN 
CN 
0 0 
0\ 
rvi 
0 0 
'3-
<N 
VO 
• - M 
-" 
VO 
VO 
• * 
m 
VO 
m CN 
m 
•* CN 
(7v 
0 
ON 
• * 
CN 
_ 
VO 
CN 
"o 
B 0 
u 
T3 
-4-t 
u 
• 4 - * B 
5 
1 
12 
(TT 
0 
i 
\^>^ 
« 
u 
Ov 
06 
CN 
1-5 
0 
0 
u 
</) II 
8" sT 
2: £? 5 
t : '^ ? o .« bio 
<u -^  S 00 s y 
4) y ly 
-II sis 
cd LM 
V3 
2 
I 
G 
C3 
« ^ 
E ^ 
• - -O 
IS 
O {/) 
a ^ 
0 .S 
a. ^ 
•o .a 
::::s . f i 
« w 
1 « 
I S 
c c 
en S 
S > 
— 5 
Q< * » 
TS a 
G ,2 
"O WD 
•s w 
S S 
e ^ 
•w " ^ 
C OX) 
V C 
e V 
u « 
—« X 
S *•" 
d B 
o -3 
c -a 
a ° S « 
o S 0 « 
* • 
. Q 
H 
o 
E 
u 
o 
oil 
Is 
00 
s 
o 
"S, 
a 
Si 
0) 
Q 
o 
o 
OD 
o 
a 
o 
s 
a 
o 
a. 
•a 
o 
E 
01 
o 
o 
•S2 
. C 
o. 
u 
S 
w 
I/) 
oc 
_c 
Is 
oc 
s 
o 
a: 
E 
o 
r° '>^S 
o 
o 
V) 
o 
DC 
o 
trt 
r j 
B 
O 
3 
a 
o 
a. 
9i 
o 
S 
2: 
V 
K 
o 
33 
o 
OS 
o 
00 
o 
o 
00 
ON 
O 
00 
<N 
04 
o 
04 
00 
• * 
m 
i n 
i n 
Ov 
00 
cs 
00 
00 
i n 
so 
00 
<N 
i n 
o 
OS 
o. — — 
— m (N 
0 0 
OS 
OS — 
C4 <S 
c s OS 
so VD 
•cr oo in r~ 
— r-
o — 
00 
OS <N 
00 
OS 
00 
so 
so OS OS 
OS cs 00 — 
I/O SO 
— CS 
CS 
r<0 
0 0 
OS 
CS 
(S 
<s 
OS 
cs ts 
so 
cs 
ON m 
OS 
m 
Csl 
cs 
m in 
cs 
— c s 00 — 
r^ — — 
O 
so 
OS 
Csl 
00 
so 
o 
o 
0 0 
<N 
OS 
rsi 
o 
so 
SO 
O 
O 
00 
O 
O 
C4 
00 
00 
00 
<s 
(S 
Cs) 
o 
00 
(S 
rsi 
c s 
00 
CS 
0 0 
cs 
so 
OS 
i n 
r4 
o 
i n 
cs 
in 
so 
OO 
C3S 
CS 
rs 
r-
SO 
<s 
o 
cs 
00 
cs 
(S 
so 
cs 
o 
00 
cs 
• ^ 
r^ 
SO 
CS 
OS 
SO (S 
i n 
IT) 
so 
m 
rs| (^  
m 
so 
SO 
O 
00 
o 
cs 
C S 
OS 
m 
•* 
00 rsi m 
- - C S 
est 
00 
so 
CJs 
i n 
i n 
OS 
SO 
o 
r 1 
00 
ON i n 
00 
00 
O 
cs 
cs r<o 
o 
cs 
(S 
so 
00 (S NO ir> 00 c<-) cs 
i n — 
— <s 
Ti-
c s 
cs 
cs 
OS 
CO 
O 
m 
cs 
00 
CO 
cs 
0 0 
ON 
CS 
i n 
cs 
o 
«s 
00 
<s 
s 
E 
• 4 ^ 
n w 
u 
• 4 
B 
1 
3 
Q, 
Q 
a. 
« 
•s 
= 
-4-t 
V) 
O 
a 
E 
o 
L. 
lU 
N 
•«^  U 
a 
B 
ec 
o 
B 
VI 
01 
> ii 
i 
u 01 
Z 
s <u V 
Z 
</j 
0> 
> 
Si 
u 
- 4 ^ 
VI 
es U 
u 
O 
•«^ 
R (J 
0) 
a 
u 
s 
c 
TJ 
B 
3 
O 
o 
If 
11 
o 
h. 
B 
O 
u 
«> 
• 4 - 1 
c« 
Si 
00 
cs o 
o 
o 
0 
I 
'S 
2 
OS 
X 
a 
"a 
V N 
O '"^ 
^ - t j 
e 3 
o n 
• mm ^ ^ St 
& ^^ 
« 2 
a b 
-a .s 
CI ^ 
O 03 
e jai 
V — ' 
W)"? 
. = C3 
OX) 4> 
3 > 
— .2 
•n c 
c .2 
• O OX) 
:5^ 
a V 
« 5« ^ ^s ^ 
M . f i 
<4-^ 
C 0£ 
V B 
S a 
73 a 
s o S £-
OX) («_i 
*- o 
o 
«« 2 
O o 
^ -o 
V 0) 
C "O 
S 2 
s % 
o c U g 
• • 
2 
03 
H 
a 
w 
4> 
"O 
E 
e 
2 
ei> 
s 
"a. 
a 
01 
Q 
4> 
E 
^ H 
'^ ^ en 
c 
JS 
on 
3 
o 
Cu 
M M 
e« 
E 
o 
u 
w 
•a 
o 
M M 
'o 
« H 
o 
o 
c 
**r f 
_« 
"a 
a . 
o 
a 
0) 
o 
eq 
S 
z 
o 
— 
o 
o 
en 
o 
tf) 
<s 
"S 
_o 
"3 D. 
O 
o 
E 
4> 
z 
c 
E 
w 
- a ' " ^ 
*» =5 
^ S 
"« 
o 
H 
Q> 
S 
a 
a 
o 
H 
• « • * 
o 
OS 
. s 
u 
H 
a CO 
U : « 
^ S 
O 
V 
s 
c^ 
o 
S 
">> 
H 
o 
OS 
JS 
k. 
H 
1 
o 
Ov 
m 
•<3-
0 0 
r~ 
o 
o 
0 0 
C3N 
CN 
1 
O 
a^ 
f o 
'*• 
m 
r^ (N 
0 0 
r~ 
<N 
O 
o 
0 0 
f S 
^ 
o ( N 
iS 
" 3 
a . 
o 
c 
•^  
0 0 
o 
m 
0 0 
< N 
S 
r^ 
r^ 
t^ 
VO 
0 0 
0 0 
o 
0 0 
0 0 
o 
( N 
o 
<N 
^ 
^ 
O 
t ^ 
rvi 
r-
i n 
0 0 
o 
ON 
en 
O 
a . 
S 
o 
U 
vn 
<N 
( N 
<N 
CN 
0 0 
CM 
1 — 
( N 
( N 
VO 
r^ 
"5f 
• * 
r^ 
• ^ 
t ^ 
W~) 
o 
t N 
( N 
rn 
0 0 
0 0 
\o (^  rs 
• ^ 
ro 
m 
• ^ 
i n 
( N 
I D 
i n 
VO 
4-« 
;2i 
"5 
01) 
k. 
o 
B 
m 
i n 
<N 
o 
CN 
o 
CN 
o 
CN 
o 
( N 
^ 
'^  
m 
o 
• ^ 
rs 
m 
o 
0 0 
• * 
»— t N 
i n 
rs 
r i 
m 
r^ 
• * 
ON 
r<^  
r-
• * 
V ) 
CI 
> 
<u 
E 
Z 
r-
0 0 (N 
0 0 
o 
t^ 
^ 
i n 
• — 1 
CN 
r^ 
^^  
CN 
O 
CN 
CN 
0 0 
CN 
i n 
o 
\o 
0 0 
0 0 
r - ^ 
oo 
^^  
r~ 
m 
r i 
CN 
m 
CN 
E 
01 
Z 
Ov 
• * 
CM 
m 
0 0 
t^ 
o 
CNl 
CN 
o 
m 
"* 
^ 
oo 
• * 
m 
^ CN 
i n 
0 0 
,__ 
rvl 
CNl 
o 
CN 
o 
r i 
ON 
^ 
rn 
^ 
r~-
i n 
en 
0> 
> 
o 
in 
CO 
U 
VO 
VO 
CN 
^^  
o 
• * 
0 0 
—^ 
m 
o 
w~* 
<D 
r - i 
•<r 
CN 
CN 
O 
o 
CN 
r<-i 
i n 
o 
^^ CA 
CM 
CM 
O 
^ 
r^ 
CN 
0 0 
CN4 
u 
o 
en 
U 
OS 
i n 
CN 
o 
CM 
oo 
0 0 
r — t 
0 0 
m 
CM 
0 0 
m 
oo 
CM 
i n 
CN 
m 
m 
CM 
r~-
o 
CM 
m 
CN 
r-~ 
rvi 
CN 
^ 
CM 
rn 
VO 
r<i 
o> 
. 1 ^ 
et: 
•4-i 
3 
B 
s 
3 O 
U 
O 
<n 
t ^ 
CN 
r~ 
m 
VO 
• ^ 
i n 
O N 
r-1 
o 
m 
CM 
CO 
O 
NO 
o 
CNj 
r-
CN 
CN 
o 
NO 
m 
i n 
^^ o 
'^  o 
t-~ 
CN 
i n 
O 
o 
a (z< 
oiD 
u 
o 
B 
+ 
c 
o 
I M 
C3 
U 
_ 
t^ 
CN 
CN 
O 
NO 
• * 
m 
t — 1 
C3N 
ON 
I ^ 
o 
t^ 
CN 
r-
o 
oo 
o 
0 0 
NO 
CN) 
CM 
NO 
NO 
r^ 
r--
o 
o 
oo 
. — 1 
CN 
m 
o 
.— 
NO 
1 — • 
4 ^ 
ot 
o 
B 
1—< 
+ 
o 
JS 
OM 
CN 
CO 
• 
o 
^ 
CN 
o 
m 
r<^  
• * 
CN 
O 
CJN 
m 
O N 
VO 
CN 
O N 
r4 
NO 
o 
CNl 
VO 
m 
r— 
• ^ 
CN 
0 0 
•^  CN 
O 
— 
t ^ 
VO 
CN 
0 0 
t--
CN 
"o 
a 
o 
(J 
u 
S 
D 
VO 
o 
O N 
in 
o 
? 
u 
en 
o 
0 0 
CN 
NO 
NO 
1-1 
o 
o 
u 
t ^ 
s 
.o 
•5 
i 
1 ^ o 
1 
II 
13 
X 
, r. 
s 
^J 1 
1 
5 Q 
Si , 1 
II 
o . 
o 
•X 
s 
a 
-s : 
;5 
'U 
II 
.!»5 
£ 
s: 
!ll 
j < 
I n 
a 
a 
-s: 
s: 
o 
<< 
2 II 
s- <«• 2i Q 
U ' Is 
> a 
O O 
U to 
00 a 
St 1-^  
.22 VJ 
HI s: 
3 ^ 
•5 ^ 
> 
j= II 
U H 
further suppression in the population of plant-parasitic nematodes when soil 
was also amended with leaves and oil cakes of neem and castor, oil cake of 
groundnut, carbofliran and phorate (Table 5a-5c). 
At the termination of the experiment (Third cut), the total population of 
nematodes reduced significantly in both normal and deep ploughed beds, from 
the initial population level of 1670/250 g of soil to 1207 and 1136/250 g of soil 
in untreated beds, 931 and 878 in compost treated beds and 845 and 794 in 
inorganic fertilizer treated beds respectivel}'. However, the other treatments 
brought about further reduction in the total nematode population, maximum 
being in carbofliran combined with inorganic fertilizer (612 and 558/250 g of 
soil), followed by phorate and inorganic fertilizer (657 and 600), neem cake 
(767 and 730), castor cake (773 and 749), groundnut cake (786 and 760), neem 
leaves (798 and 771) and castor leaves (840 and 792). 
The beneficial effects of various treatments, as evident in decreasing the 
nematode population, were also observed in the form of the improvement of 
fodder yield. The highest increase in fodder yield in both normal and deep 
ploughed fields, was found in beds which received neem cake (292 and 304 
q/ha), followed by carbofuran + inorganic fertilizer (285 and 294 q/ha), phorate 
+ inorganic fertilizer (280 and 290 q/ha), castor cake (272 and 276 q/ha), 
groundnut cake (269 and 272 q/ha), neem leaves (264 and 267 q/ha), castor 
leaves (260 and 264 q/ha) and inorganic fertilizer (202 and 209 q/ha) compared 
with 178 and 184 q/ha in compost treated beds and 140 and 147 q/ha in 
untreated beds respectively at the termination of the experiment i.e., at the third 
cut of the crops. The fodder yield showed a similar trend in the other two cuts 
(Tables 5a-5c). 
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4.1.2: Residual Effect of Different Treatments of the Experiment 4.1.1: 
The present experiment deals with the residual effect of different treatments 
given to the preceding crops viz., Egyptian clover/berseem, Luceme/rizka, 
alfalfa, Chicory/kasni, berseem + kasni and rizka + kasni, in the following 
growing season when three week old seedlings of tomato cv. 'K-25' raised in 
manure supplemented autoclaved soil, were grown in the same beds which only 
received the same treatment of normal (15 cm deep) and deep (30 cm deep) 
ploughing, as was the case in the preceding crops (4.1.1). There was an 
increase in the population of plant-parasitic nematodes in beds which received 
no treatment or either compost or inorganic fertilizer in the preceding crops. 
However, the population of the test nematodes in beds treated with various 
organic amendments/nematicides was more or less same to the initial 
populations of the preceding crops but to varying extent in relation to the 
different preceding crops. The application of neem cake proved to be most 
efficacious in reducing the nematode population as a result of its residual effect 
in the subsequent tomato crop (Tables 6-10), followed by castor cake, 
carbofliran + inorganic fertilizer, phorate + inorganic fertilizer, groundnut cake, 
neem leaves and castor leaves. 
The final nematode populations in normal and deep ploughed beds 
ranged from 849-1115 and 758-966/250 g of soil in beds treated with organic 
amendments/nematicides for the preceding crop of Egyptian clover/berseem as 
compared to 2168 and 2030 in untreated beds, and 1262 and 1129 in compost 
treated beds respectively. Similarly the range of total nematode population for 
luceme/rizka crop was 855-1044 and 740-892/250 g of soil compared to 2105 
and 1943, and 1146 and 1024 in untreated and compost treated beds, for 
Chicoiy/kasni the range was from 839-1025 and 732-918/250 g of soil 
65 
compared to 2150-2039 in untreated control beds respectively. Similar trend 
was also observed in mixed-cropping of kasni + berseem where the final 
population in both normal and deep ploughed beds ranged from 869-1015 and 
747-875/250 g of soil as compared to 2032 and 1864/250 g of soil in untreated 
beds, and for rizka + kasni from 808-992 and 720-869 compared to 1931 and 
1833 of untreated beds respectively (Tables 6-10, Fig. 2-6). 
The different treatments of the preceding crops grown in both normal 
and deep ploughed beds also had beneficial effects on the plant grovv1:h (length 
and fresh weight of shoots and roots and fruit weight) of the subsequent tomato 
crop. The combined effect of organic amendments and deep ploughing proved 
to be more effective. However, the increase in plant growth was more 
pronounced in plants grown in beds having chicory/kasni in the preceding 
season where the total plant length ranged from 68.0 - 51.0 cm and 69.1-51.7 
cm, total plant weight ranged from 55.6 - 43.1 g and 56.4 - 43.7 g and total 
fruit weight ranged from 121.8-109.1 and 123.9 - 111.4 g in the normal and 
deep ploughed beds which received various organic amendments/nematicides 
compared to total length (33.5 and 34.0 cm), total plant weight (27.0 and 27.3 
g) and total fruit weight (53.6 and 55.6 g) of untreated control beds. This effect 
of various treatments on plant growth was followed by beds having kasni + 
berseem, kasni + rizka, berseem and rizka. The combined influence of neem 
cake and deep ploughing in the preceding season brought about significant 
improvement in the plant growth of tomato cv. 'K-25' in the subsequent 
season, followed by castor cake, carbofuran + inorganic fertilizer, phorate + 
inorganic fertilizer, groundnut cake, neem leaves and castor leaves (Tables 6-
10, Fig. 3). 
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Evidently, the results indicated that the reduction in plant-parasitic 
nentatodes had a positive correlation with the improvement in fodder yields. 
Moreover, the combined effects of ploughing treatments, organic 
amendments/nematicides with intercropping of Chicory/kasni were more 
pronounced than that achieved by intercropping of antagonistic crops when 
used alone. The application of inorganic fertilizers was also effective but not to 
the extent of the other treatments. The beneficial effects of all the treatments 
particularly the oil cakes and combined action of nematicides and inorganic 
fertilizers persisted in the next growing season when a susceptible crop 
(Tomato cv. 'K-25') was grown. 
4.2: Effect of soil amendment with chopped leaves (fresh) of some 
botanicals on the population of plant-parasitic nematodes and 
plant growth of tomato cv. 'K-25'. 
The present experiment deals with the efficacy of soil amendment with 
chopped fresh leaves of some selected botanicals/plants on the population 
build-up of various plant-parasitic nematodes occurring in naturally infested 
field soil. 
It was observed that the population of different selected plant-parasitic 
neniatodes increased on tomato cv. 'K-25' in the untreated control, however to 
varying extent. Besides Meloidogyne incognita, the other predominant species 
were Hoplolaimus indicus followed by Helicotylenchm indicus, 
Tylenchorhynchus brassicae, Rotylenchulus reniformis and Tylenchus filiformis 
(Table 11). The population of these plant-parasitic nematodes declined 
significantly when the soil was amended with two different doses (50 and 100 
g/pot) of fresh chopped leaves of various plant species. Among the different 
treatments, when applied at higher concentration (100 g/pot), Azadirachta 
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indica was found to be most effective in reducing the nematode populations 
(578/250 g of soil), followed by Ricinus communis (608), Tagetes patula (615), 
Melia azedarach (630), Eucalyptus citriodora (648), Callistemon lanceolatus 
(678), Clerodendrum inerme (687) and Thuja orientalis (708) as compared to 
3003/250 g of soil in untreated control and 1747/250 g of soil, the initial 
population. A similar trend was followed when the concentration of treatments 
was halved (50 g/pot) and the con-esponding figures for the total nematode 
population in the above treatments were: 977, 1013, 1053, 1073, 1107, 1107, 
1137 and 1165 respectively. 
The various plant growth characters (length in cms and weight in g of 
shoot and root) of tomato cv. 'K-25' significantly improved in all the 
treatments compared to plants grown in untreated pots. However, the increase 
was more pronounced in plants grown in pots augmented with higher dose (100 
g/pot). A. indica leaves, showed the highest improvement in plant grov/th (plant 
length = 53.0 cm, plant weight = 42.5 g), followed by pots treated with same 
dose oiR. communis (51.0 and 41.6), T. patula (50.4 and 41.0), M. azedarach 
(50.0 and 41.2), E. citriodora (49.5 and 40.9), C. lanceolatus (48.5 and 40.1), 
C. inerme (47.9 and 39.8) and T. orientalis (46.9 and 38.6). The treatments 
when applied at their half doses were not much effective (Table 11). T. 
orientalis leaves when applied @50 g/pot were least effective (plant length = 
42.2 cm and plant weight = 32.4 g) as compared to untreated control (plant 
length = 29.7 cm and plant weight = 24.5 g). 
4.2.1: Effect of soil amendment with chopped leaves (fresh) of some 
botanicals on the population of plant-parasitic nematodes and plant 
growth of chilli cv. 'Pusa Jawala'. 
The experiment was conducted under glasshouse conditions where the plants 
were grown in pots filled with field soil naturally infested with different plant-
68 
pardsitic nematodes. The population showed a frequent multiplication on chilli 
cv. 'Pusa Jawala' in these untreated control pots. The total population increased 
to 2923 from the initial population of 1747 nematodes/250 g of soil (Table 12). 
Due to the application of various organic amendments, the population 
of all the nematodes was significantly reduced, however, Azadirachta indica 
was found to be most effective in reducing nematode populations (566/250 g of 
soil). It was followed in the order of efficiency by Ricinus communis (593), 
Tagetes patula (609), Melia azedarach (618), Eucalyptus citriodora (628), 
Callistemon lanceolatus (639), Clerodendrum inerme (674) and Thuja 
orientalis (688) in pots treated with the higher dose of all the treatments (100 
g/pot). Similar trend in the reduction of nematode population as compared to 
untreated control and initial population was observed at the lower dose (50 
g/pot) of above treatments but with a comparatively lesser efficacy (Table 12). 
The reduction in the nematode populations by the application of organic 
amendments brought about significant improvement in the plant growlh 
characters (length and fresh weight of shoot and root). However, enhancement 
in the plant growth was more pronounced in the pots which received higher 
dose of all the treatments (100 g/pot). At this dose, the plant growth showed a 
maximal enhancement in pots treated with A. indica leaves (plant length = 46.8 
cm and plant weight = 40.5 g), followed by plants treated with similar dose of 
R. communis (45.6 and 39.0), T. patula (44.2 and 37.9), M azedarach (43.1 
and 35.8), E. citriodora (42.1 and 33.8), C. lanceolatus (41.3 and 32.2), C. 
inerme (40.6 and 30.2) and T. orientalis (39.3 and 29.7). The efficacy of the 
above treatments was comparatively less in pots treated with half dose i.e., 50 
g/pot (Table 12). 
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4.2.2: Effect of soil amendment with chopped leaves (fresh) of some 
botanicals on the population of plant-parasitic nematodes and plant 
growth of okra cv. 'Saimla'. 
This experiment was conducted on the same lines as in 4.2. In untreated control 
pots, the nematodes present in the naturally infested field soil, multiplied 
frequently on okra cv. 'Saimla', however, Tylenchus filiformis showed the least 
multiplication rate. From the total initial population of 1747/250 g of soil the 
population was increased to 3021 nematodes/250 g of soil in untreated pots 
(Table 13). Due to different treatments, populations of all the nematodes 
declined significantly, however, Azadirachta indica was found to be most 
effective in reducing the nematode populations (587/250 g of soil). It was 
followed in the decreasing order of efficiency by Ricinus communis (607), 
Tagetes patula (630), Eucalyptus citriodora (648), Melia azedarach (663), 
Callistemon lanceolatus (695), Clerodendrum inerme (693) and Thuja 
orientalis (752) in pots where the soil was amended with higher dose of all the 
treatments (100 g/pot). These treatments when applied at their lower 
concentrations (50 g/pot) exhibited a comparatively less reduction in the 
population of the various plant-parasitic nematodes under test (Table 13). 
The reduction in the population of these nematodes by treating the plants 
with different doses of all the treatments, proved to be beneficial in enhancing 
the overall plant growth (length and fresh weight of shoot and root). The 
application of all the treatments at their higher doses (100 g/pot) was more 
effective and a maximum improvement in plant growth was observed in plants 
treated with A. indica (plant length = 60.5 cm and plant weight = 50.7 g). T. 
orientalis leaves when applied @50 g/pot were least effective showing total 
plant length = 42.7 cm and plant weight = 35.3 g. The various other treatments 
can be arranged in the descending order of their efficiency as R. communis > T. 
patula > E. citriodora > M. azedarach > C. lanceolatus > C. inerme (Table 13). 
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4.3: Effect of soil amendment with chopped leaves (fresh) of some 
botanicals on the root-knot development caused by Meloidogyne 
incognita and plant growth of tomato cv. 'K-25'. 
The present experiment was conducted under glasshouse conditions for 
evaluating the efficiency of fresh chopped leaves amended with manure 
supplemented autoclaved field soil, on the root-knot incidence caused by 
Meloidogyne incognita and plant growth of tomato cv. 'K-25'. 
The root-knot nematode, M incognita was highly pathogenic on tomato 
in untreated control pots where the root-knot index (RKI) was 4.00 (on 0-5 
scale). There was a significant reduction in root-galling, caused by M 
incognita in different treatments of chopped leaves, more being at higher dose 
(100 g/pot). As compared to untreated control plants, the root-knot index was 
only 0.45 in plants treated with chopped leaves of Azadirachta indica applied 
@100 g/pot. However, the gall indices at a similar dose, incase of other 
treatments were 0.53, 0.64, 1.00, 1.50, 2.00, 2.00 and 2.55 in Ricinus 
communis, Tagetes patula, Melia azedarach, Eucalyptus citriodora, 
Callistemon lanceolatus, Clerodendrum inerme and Thuja orientalis and the 
corresponding figures of root-knot index for same treatments when applied 
@50 g/pot were 0.54, 0.61, 0.83, 1.60, 2.25, 3.00, 3.00 and 3.05 respectively 
(Table 14). 
There was a significant improvement in the plant growth characters 
(length and fresh weight of shoot and root) due to the application of various 
treatments, however, the increase was more pronounced at higher doses where 
inhibition in root galling was observed maximum. Among all the treatments, 
the highest plant growth (plant length = 61.6 cm and plant weight = 52.7 g) was 
observed when pots were treated with chopped leaves of ^. indica applied 
@100 g/pot. It was followed by R. communis {SI2 cm and 48.9 g), T. patula 
(52.4 cm and 46.3 g), M azedarach (50.1 cm and 43.7 g), E. citriodora (48.4 
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cm and 43.1 g), C. lanceolatus (45.4 cm and 37.2 g), C. inerme (44.5 cm and 
37.0 g) and T. orientalis (42.6 cm and 35.8 g) as compared to untreated control 
(plant length == 24.5 cm and plant weight =17.1 g). The enhancement in the 
plant growth was relatively less with a similar trend when the same treatments 
were applied at their half doses i.e., 50 g/pot (Table 14). 
4.3.1: Effect of soil amendment with chopped leaves (fresh) of some 
botanicals on the root-knot development caused by Meloidogyne 
incognita and plant growth of chilli cv. 'Pusa Jawala'. 
The root-knot development caused by Meloidogyne incognita was very severe 
on the untreated inoculated plants of chilli cv. 'Pusa Jawala' and the root-knot 
index (RKI) measured on the 0-5 scale was 4.00 (Table 15). 
Due to the application of various treatments, there was a significant 
reduction in the root-knot infestation as compared to untreated control. The 
severity of root galling was found minimum (RKI = 0.24) when the plants were 
treated with a higher dose (100 g/pot) of chopped leaves of Azadirachta indica 
while the root-knot indices at the same dose were 0.45, 0,58, 1.35, 1.55, 1.75, 
2.00 and 2.10 when chopped leaves of Ricinus communis, Tagetes patula, 
Melia azedarach, Eucalyptus citriodora, Callistemon lanceolatus, 
Clerodendrum inerme and Thuja orientalis were applied respectively. The 
lower dose (50 g/pot) of the above treatments inhibited the root-knot 
development to some extent (Table 15). 
Plant growth (total length and fresh weight of shoot and root) of chilli 
cv. 'Pusa Jawala', greatly improved due to the application of different 
treatments. Moreover, the higher dose (100 g/pot) of all the treatments showed 
a better response in enhancing the growth characters. A. indica brought about 
highest increase in plant growth (plant length = 40.0 cm and plant weight = 
35.1 g), followed by R. communis (38.7 cm and 34.7 g), T. patula (37.6 cm and 
31.3 g), M azedarach (35.3 cm and 30.2 g), E. citriodora (33.3 cm and 28.9 g), 
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C. lanceolatus (31.8 cm and 27.3 g), C. inerme (28.8 cm and 25.9 g) and T. 
orientalis (27.7 cm and 24.7 g) at the higher dose (100 g/pot). T. orientalis 
leaves, when applied @50 g/pot were least effective (plant length = 16.2 cm 
and plant weight = 12.3 g). The lower doses of other treatments also improved 
plant growth but to some varying extent (Table 15). 
4.3.2: Effect of soil amendment with chopped leaves (fresh) of some 
botanicals on the root-knot development caused by Meloidogyne 
incognita and plant growth of okra cv. 'Saimla'. 
This experiment was conducted on the same lines as in 4.3. The okra cv. 
'Saimla' plants were severely affected by root-knot infestation caused by 
Meloidogyne incognita. The root galling was severe in the untreated control 
pots where root-knot index (RKI) was 4.00 (on 0-5 scale). The amendment of 
various botanicals (chopped leaves) brought about significant reduction in root 
galling and among these Azadirachta indica leaves when applied @100 g/pot 
were most effective (RKI = 0.57) followed by Ricinus communis (0.80), 
Tagetes patula (0.90), Eucalyptus citriodora (1.10), Melia azedarach (1.50), 
Callistemon lanceolatus (1.80), Clerodendrum inerme (2.00) and Thuja 
orientalis (2.00) at the same dose. The corresponding figures for root-knot 
index of the same treatments at their half doses (50 g/pot) were: 0.75, 1.20, 
1.25, 1.50, 2.00, 2.50, 3.00 and 3.00 respectively. 
The reduction in the root-knot incidence because of the application of 
various treatments directly affected the plant growth (total length and fi-esh 
weight of shoot and root) of okra cv. 'Saimla' plants. However, all the 
treatments at their higher doses (100 g/pot) wore more effective. On the basis 
of their efficiency these plant species can be arranged in descending order as: 
A. indica, R. communis, T. patula, E. citriodora, M. azedarach, C. lanceolatus, 
C. inerme and T. orientalis and their corresponding figures for plant length and 
plant weight, when applied at a higher dose (100 g/pot) were: 51.5 cm and 40.5 
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g, 50.3 cm and 39.8 g, 47.9 cm and 39.2 g, 47.1 cm and 38.5 g, 45.3 cm and 
38.Q g, 44.7 cm and 37.7 g, 44.0 cm and 36.8 g and 43.4 cm and 35.9 g as 
compared to 23.8 cm and 16.6 g of untreated control plants respectively. 
Similar trend was also observed with the dose of 50 g/pot but enhancement in 
plant growth was relatively less (Table 16). 
4.4: Effect of neem part/products alone and in combination with 
nematicides on the population of plant-parasitic nematodes and 
plant growth of tomato cv, 'K-25'. 
This experiment was conducted under glasshouse conditions where tomato 
plants were grown in pots containing naturally infested field soil amended with 
chopped leaves, seed powder and oil cake of neem alone and in combination 
with carbofuran and phorate, to test their bioefficacy on the population build up 
of various plant-parasitic nematodes and plant growth of tomato cv. 'K-25'. 
The population of nematodes increased on tomato in untreated control, 
however to varying extent. Meloidogyne incognita was the predominant species 
while Tylenchus filiformis showed the least multiplication rate. The combined 
influence of all the treatments significantly reduced the population of 
nematodes, however, the reduction was comparatively less when these 
treatments were applied singly. Among different treatments the combined 
action of oil cake and carbofuran was found to be most efficacious in reducing 
the nematode population (883/250 g of soil), followed by oil cake + phorate 
(968), seed powder + carbofuran (1020), seed powder + phorate (1053), 
chopped leaves + carbofuran (1086), chopped leaves + phorate (1120), oil cake 
(1157), seed powder (1177), carbofuran (1201), phorate (1226) and chopped 
leaves (1276) as compared to untreated control (2573) and initial population 
(1747) of nematodes/250 g of soil (Table 17). 
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The reduction in the nematode populations, due to the appHcation of 
various treatments, directly affected the plant growth (length and fresh weight 
of shoot and root) of tomato cv. 'K-25' plants. The plant growth improved in 
all the treatments compared with untreated control. However, the increase was 
more pronounced in pots treated with combined dose of oil cake and 
carbofuran (plant length = 54.5 cm and plant weight = 46.3 g). The respective 
figures of total plant length and plant weight for other treatments were 50.6 cm 
and 44.6 g (oil cake + phorate), 48.3 cm and 44.0 g (seed powder + 
carbofuran), 46.0 cm and 42.8 g (seed powder + phorate), 42.4 cm and 38.9 g 
(chopped leaves + carbofuran), 40.6 cm and 36.4 g (chopped leaves + phorate), 
34.6 cm and 31.0 g (oil cake), 32.3 cm and 29.4 g (seed powder), 31.5 cm and 
29.1 g (carbofuran), 30.8 cm and 28.1 g (phorate) and 27.6 cm and 22.3 g 
(chopped leaves) as compared to 16.0 cm and 14.2 g (untreated control). 
4.4.1: Effect of neem part/products alone and in combination with 
nematicides on the population of plant-parasitic nematodes and 
plant growth of chilli cv. 'Pusa Jawala'. 
This experiment was conducted on the same lines as in 4.4. The population of 
plant-parasitic nematodes, present in the naturally infested field soil, showed a 
frequent multiplication on chilli cv. 'Pusa Jawala' in the untreated control pots 
except Tylenchus filiformis which showed least multiplication rate. From the 
initial population level of 1747 nematodes/250 g of soil, the total population 
increased to 2622/250 g of soil in untreated pots (Table 18). 
Due to the addition of various organic additives the populations of all the 
nematodes reduced significantly, however, when the pots were treated with the 
combined treatments, the reduction in the nematode population was more 
pronounced. Oil cake of neem when combined with carbofuran was most 
effective in reducing the nematode populations (909/250 g of soil). It was 
75 
o 
O 
DO 
O 
s 
o 
s 
o. 
o 
a 
0) 
o 
A 
E 
'5 
• 4 -1 
B 
E 
u 
OX) 
B 
B 
C3 
o 
I 
O 
^ 
o 
OS 
o 
o 
o 
o 
o 
• S 
CO 
o 
o 
o 
a; 
o 
o 
M 
00 
CM 
r<1 (N 
— O 
00 
o o 
0 0 
so 
00 
00 
o 
o 
(N 
o 00 
rl-
00 
o 
r4 
ON 
\o fN 
m 
O 
(N 
<S 
t^ 
O 
(N 
O 
ON 
-^
Ov OS oo 00 i n 
O 
VO 
ON 
<s 
00 
00 
r~ 
m 
00 
r-
00 
(N 
r--
^ 
r~ VO VO 
OO 
Ti-
CN| 
C^ 
00 
<N 
OO 
in 
<N 
m 
CN 
(N 
VO — 
—' 0 0 
(N (N 
VO 
«N 
00 
m 
^ 
Ov 
VO 
(N 
r-~ 
o 
VO 
o 
VO 
VO 
00 
r~ 
r~-
VO 
o 
<N 
O 
VO 
<N 
<N 
(N 
»— 
00 
<N 
•<a-
o 
t^ VO 
(N 
Ov 
in 
en 
VO 
Ov 
VO 
i n 
o 
Ov 
0 0 
B 
ii 
(4 
<U 
U 
H 
,2 
'-S 
n 
— 3 
a 
o 
c 
_^  03 
^ 
5 
V3 
V 
> n 
u 
"O 
w 
a 
c 
o A 
U 
w 
•a 
o 
a 
T3 
u 
t/) 
01 
u 
•^^ O 
B 
R 
o 
R 
u 
O 
JS 
CL, 
B 
f3 
a 
o 
U 
VI 
> • 
cs 
a 
c< 
o 
U 
R 
o 
J3 
+ 
en 
0) 
> 
O) 
T3 
O) 
a 
c 
o 
JB 
u 
B 
R 
O 
u 
u 
-a 
o 
a 
"a 
u 
o 
•a 
? 
o 
a 
(Z) 
B 
« 
3 
m 
VO 
<N 
0 0 
VO 
OS 
VO 
<N 
est 
OO 
VO 
rs 
00 
m 
<N 
r<^  
<N 
<N 
•* 
<N 
00 
rs 
rsi 
rj 
m 
CN 
r--
o 
CN 
•^  
<N 
VO 
OS 
• — 
VO 
O 
<N 
VO 
r-~ 
-— 
o 
00 
— • 
r~ 
VO 
• * 
in 
00 
CN 
CN 
r^ 
CN 
00 
•^  CN 
^~» 
^ CA 
CN 
in 
CN 
VO 
m 
CN 
CN 
r<^  
CN 
^^ rf 
CN 
in 
- — • 
CN 
m 
CN 
CN 
VO 
00 
-^
CN 
O 
CN 
—^ 
o m 
CN 
OS 
fN 
OV 
VO 
VO 
OO 
m 
VO 
VO 
in 
in 
OS 
00 
OO 
CN 
r<-) 
CN 
"=)• 
CN 
•^  
in 
CN 
in 
CN 00 
o 
V ) 
OO 
VO 
in 
rt 
«s 
«n 
f^ 
ro 
e3s • * 
VO 
CN 
m 
in 
CN 
en 
^ 
VO 
CN 
in 
VO 
OO 
in 
Os 
rn 
en 
•^ 
VO 
OO 
t~-
o 
00 
00 
OS 
VO 
in 
en 
CN 
in 
o 
CN 
VO 
CN 
00 
en 
CN 
r-
OO 
CN 
r-
VO 
CN 
CN 
Os 
£ ^ 
o JS 
im 
C9 
U 
+ 
^ 
^ R 
U 
5 J; 2 • « 
c 
+ 
0) 
^ 
R 
U 
^ 
•w 
B 
O 
u 
-a 
a 
R 
<u 
>-
o o 
a 
t3 
O t-; 
V5 i-H 
o o I i 
;3 
o 
s: 
-s: 
s 
S 
a: 
I 
S 
o I 
II 
a. 
o X 
c 
3 
u 
s: 
I 
s 
o 
S II II 
«-y . 
> «o Q 
-s: -S op e 
> 
OS 
§ 
« § 
^ " -
to >« 5 W H -^ 
I 
followed in the order of efficiency by oil cake + phorate (998), seed powder + 
carbofuran (1045), seed powder + phorate (1085), chopped leaves + carbofliran 
(1124), chopped leaves + phorate (1163), oil cake (1171), seed powder (1219), 
carbofuran (1245), phorate (1275) and chopped leaves (1344). 
The plant growth (fresh weight and length of shoot and root) of chilli 
plants was significantly improved in the amended soil. The combined influence 
of oil cake and carbofuran brought about the maximum increase in plant 
growth (plant length == 45.2 cm and plant weight = 38.0 g). Next in the order of 
efficiency was oil cake + phorate (42.5 cm and 35.7 g), followed by seed 
powder + carbofuran (39.9 cm and 33.8 g), seed powder + phorate (36.4 cm 
and 31.6 g), chopped leaves + carbofuran (35.9 cm and 28.1 g), chopped leaves 
+ phorate (31.6 cm and 26.5 g), oil cake (30.4 cm and 25.8 g), seed powder 
(28.1 cm and 23.8 g), carbofuran (27.7 cm and 22.5 g), phorate (24.6 cm and 
21.6 g) and chopped leaves (21.2 cm and 17.2 g) respectively. The frequent 
multiplication of nematodes in untreated pots resulted in reduced plant growth, 
plant length =13.1 cm and plant weight = 11.5 g (Table 18). 
4.4.2: Effect of neem part/products alone and in combination with 
nematicides on the population of plant-parasitic nematodes and 
plant growth of okra cv. 'Sainila'. 
This experiment was conducted on the same lines as in 4.4. The results 
indicated that all the plant-parasitic nematodes present in the soil muhiplied 
freely on untreated plants of okra cv. 'Saimla', while plants treated with 
combined dose of all the treatments showed a significant reduction in the 
nematode population, however, the efficacy of all the treatments was 
comparatively less when applied alone. Oil cake when mixed with carbofuran 
was most efficacious in reducing the nematode population (912/250 g of soil) 
followed by oil cake + phorate (995), seed powder + carbofuran (1048), seed 
76 tBBSlS 
powder + phorate (1084), chopped leaves + carboftiran (1113), chopped leaves 
+ phorate (1139) and when these treatments were applied singly the total 
nematode populations were 1111, 1154, 1213, 1248 and 1313 for oil cake, seed 
povvder, carbofuran, phorate and chopped leaves respectively (Table 19). 
The plant growth (fresh weight and length of shoot and root) was reduced 
in untreated pots due to the increase in nematode population (plant length = 
25.2 cm and plant weight = 21.5 g), however, amending the soil with different 
treatments either singly or in combination, greatly enhanced the plant growth, 
highest being in plants treated with oil cake + carbofuran (plant length = 67.2 
cm and plant weight = 58.0 g) followed by oil cake + phorate (60.4 cm and 
55.4 g), seed powder + carbofuran (57.3 cm and 52.1 g), seed powder + phorate 
(56.4 cm and 51.2 g), chopped leaves + carbofuran (54.2 cm and 49.5 g) and 
chopped leaves + phorate (52.0 cm and 46.1 g). These treatments when applied 
singly also enhanced the plant growth but to a lesser extent (Table 19). 
4.5: Effect of neem part/products alone and in combination with 
nematicides on the root-knot development caused by 
Meloidogyne incognita and plant growth of tomato cv. 'K-25'. 
The present experiment deals with the efficacy of soil amendment with 
chopped leaves, oil cake and seed powder of neem and two nematicides 
carbofuran and phorate alone and in combination against the root-knot 
incidence caused by Meloidogyne incognita, and plant growth of tomato cv. 
'K-25'. 
The results indicated that the root-knot nematode, M. incognita caused 
severe root galling (RKI = 4.50 on 0-5 scale) in untreated control plants (Table 
20). However, this severity of root galling was greatly reduced when the plants 
were treated with combined dose of all the treatments. Oil c i^kc^poifJbin^y^w^ 
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carbofuran was most effective in reducing the root-knot incidence (RKI = 
0.47), followed by oil cake + phorate (0.60), seed powder + carbofuran (0.80), 
seed powder + phorate (1.00), chopped leaves + carbofuran (1.30), chopped 
leaves + phorate (1.43), oil cake (1.60), seed powder (1.90), carbofuran (2.00), 
phorate (2.40) and chopped leaves (2.50). 
The plant growth (fresh weight and length of shoot and root) of tomato 
cv. 'K-25' improved significantly due to these treatments. However, it varied at 
different treatments and the combined treatments were more effective in 
enhancing the plant growth, highest being in plants treated with oil cake + 
carbofuran (plant length = 62.2 cm and plant weight = 50.4 g). The other 
treatments can be arranged in their order of efficiency as: oil cake + phorate 
(58.9 cm and 46.7 g), seed powder + carbofuran (52.9 cm and 42.5 g), seed 
powder + phorate (49.7 cm and 40.3 g), chopped leaves + carbofuran (46.1 cm 
and 38.1 g), chopped leaves + phorate (42.8 cm and 35.6 g), oil cake (39.2 cm 
and 32.6 g), seed powder (37.0 cm and 29.6 g), carbofuran (33.4 cm and 
28.0g), phorate (30.3 cm and 25.9 g) and chopped leaves (27.8 cm and 23.3 g) 
as compared to untreated inoculated (18.4 cm and 15.8 g) and untreated 
uninoculated (70.1cm and 55.9 g) respectively (Table 20). 
4.5.1: Effect of neem part/products alone and in combination with 
nematicides on the root-knot development caused by Meloidogyne 
incognita and plant growth of chilli cv. 'Pusa Jawala'. 
This experiment was conducted on the same lines as in 4.5. The severity of 
root-knot development caused by M incognita was pronounced on untreated 
inoculated plants of chilli cv. 'Pusa Jawala' (Table 21). 
The incidence of root-knot was greatly suppressed, when the plants were 
treated with chopped leaves, seed powder, oil cake (neem), carbofuran and 
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phorate applied singly and in combinations, however, the combined effects 
were more effective. The gall-indices were 0.45, 0.73, 0.80, 0.90, l.IO, 1.30, 
1.50, 1.70, 1.93, 2.00 and 2.50 for plants treated with oil cake + carbofuran, oil 
cake + phorate, seed powder + carbofuran, seed powder + phorate, chopped 
leaves + carbofuran, chopped leaves + phorate, oil cake, seed powder, 
carbofuran, phorate and chopped leaves respectively. 
The beneficial effect of different treatments was also observed on plant 
growth (fresh weight and length of shoot and root) of chilli cv. 'Pusa Jawala'. 
Here again the reduction in the severity of root-knot disease had a positive 
correlation with the improvement of plant growth. The maximum plant growth 
(plant length = 49.9 cm and plant weight = 41.3 g) was observed with oil cake 
+ carbofuran treatment. It was followed by oil cake + phorate (46.9 cm and 
39.0). The chopped leaves when applied alone were least effective (plant length 
= 24.4 cm and plant weight = 19.0 g) as compared to untreated inoculated and 
untreated uninoculated control where the corresponding figures for plant length 
were 15.1 and 55.0 cm and plant weight were 12.8 and 45.8 g respectively 
(Table 21). 
4.5.2: Effect of neem part/products alone and in combination with 
nematicidcs on the root-knot development caused by Meloidogyne 
incognita and plant growth of okra cv. 'Saimla'. 
This experiment was conducted on the same lines as in 4.5. The results 
indicated that the nematode exhibited a frequent multiplication in the untreated 
control pots (RKI = 4.00 on 0-5 scale). 
The amendment of all the treatments either singly or in combinations 
brought about significant reduction in the severity of root galling. However, 
this suppression was more pronounced in plants which received the combined 
79 
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doses of all the treatments. Oil cake when combined with carbofuran was most 
effective in reducing the root-knot infestation (RKI = 0.55), followed by oil 
cake + phorate (0.60), seed powder + carbofuran (0.90), seed powder + phorate 
(1.00), chopped leaves + carbofuran (1.40), chopped leaves + phorate (1.50), 
oil cake (1.80), seed powder (1.90), carbofuran (2.10), phorate (2.30) and 
chopped leaves (2.50). 
The plant growth (length and fresh weight of shoot and root) of okra cv. 
'Saimla', greatly improved due to the application of all the treatments. Here 
again the combined treatments were more effective in promoting the plant 
grovs4h, highest being in plants treated with oil cake + carbofuran where figures 
for total plant length and total plant weight were 72.7 cm and 62.2 g 
respectively. This was followed by plants treated with oil cake + phorate (67.8 
cm and 59.1 g), seed powder + carbofuran (63.2 cm and 57.2 g), seed powder + 
phorate (60.8 cm and 54.8 g) etc. and plants treated with chopped leaves alone 
showed the least response, plant length (42.4 cm) and plant weight (39.1 g). 
The rapid and free multiplication of nematode in untreated inoculated pots 
severely affected the overall growth of plants where the figures for total length 
and total weight (shoot and root) were 28.1 cm and 24.8 g respectively (Table 
22). 
4.6: Effect of various oil cakes alone and in combination with 
carbofuran on the population of plant-parasitic nematodes and 
plant growth of tomato cv. 'K-25'. 
It is well known that many plant products are nematicidal in nature e.g., oil 
cakes of neem, castor, groundnut and mustard etc. However, the nematicidal 
values of all these oil cakes are not known. Therefore, it was considered 
worthwhile to evaluate the nematode control potential, if any, of these oil cakes 
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when they were applied alone as well as in combination with a nematicide 
(Carbofuran), against the population of plant-parasitic nematodes persisting in 
the soil. 
In untreated plants, the population density of nematodes increased with 
Tylenchorhynchus brassicae and Rotylenchulus reniformis showing frequent 
multiplication followed by Hoplolaimus indicus, Helicotylenchus indicus and 
Tylenchus Jiliformis. The population of these nematodes was suppressed when 
plants were treated with different organic additives, however, oil cakes when 
combined with carbofuran were more effective in reducing the population of 
nematodes. The highest reduction in nematode populations was observed in 
plants treated with neem cake + carbofuran (672/250 g of soil), it was followed 
by castor cake + carbofuran (710), groundnut cake + carbofuran (753), mustard 
cake + carbofuran (800) and the total nematode populations when these oil 
cakes were applied alone were 865, 911, 936 and 963 as compared to untreated 
control and initial population level where the figures were 1793 and 1322 
nematodes/250 g of soil respectively (Table 23). 
The reduction in nematode population due to the application of various 
treatments directly affected the plant growth (length and fresh weight of root 
and shoot) in a positive direction. Maximum plant growth was noted when the 
plants were treated with a combined dose of neem cake and carbofuran (plant 
length = 52.6 cm and plant weight = 45.1 g) followed by castor cake + 
carbofuran (48.3 cm and 42.3 g), groundnut cake + carbofuran (47.1 cm and 
38.9 g), mustard cake + carbofuran (42.6 cm and 35.8 g), neem cake (40.8 cm 
and 33.4 g), castor cake (39.7 cm and 30.1 g), groundnut cake (37.1 cm and 
28.5 g) and mustard cake (34.6 cm and 27.6 g) as compared to untreated 
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control where the figures of plant length and plant weight were 21.4 cm and 
18.0 g respectively (Table 23). 
4.6.1: Effect of various oil cakes alone and in combination with carbofuran 
on the population of plant-parasitic nematodes and plant growth of 
chilli cv. 'Pusa Jawala'. 
This experiment was conducted on the same lines as in 4.6. The plant-parasitic 
nematodes present in the naturally infested soil multiplied freely in untreated 
control where the total population increased to 1759 from the initial population 
level of 1322 nematodes/250 g of soil (Table 24). 
Due to different treatments the populations of plant-parasitic nematodes 
declined significantly, however, neem cake when mixed with carbofuran was 
found to be most efficacious in reducing nematode populations (647/250 g of 
soil). The other treatments can be arranged in the order of efficiency in 
controlling the nematode populations as: castor cake + carbofuran (697), 
groundnut cake + carbofuran (737), mustard cake + carbofuran (776), neem 
cake (839), castor cake (885), mustard cake (910) and groundnut cake (939). 
Plant growth (fresh weight and length of shoot and root) of chilli cv. 
'Pusa Jawala', greatly improved due to the application of various treatments. 
Here again neem cake when applied in combination with carbofuran, brought 
about significant improvement in the plant growth of chilli plants (plant length 
= 34.3 cm and plant weight = 29.2 g) followed by other treatments. Groundnut 
cake when applied alone was least effective (plant length = 19.8 cm and plant 
weight = 17.7 g) as compared to plant length (14.7 cm) and plant weight (12.6 
g) of untreated control plants (Table 24). 
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4.6.2: Effect of various oil cakes alone and in combination with carbofuran 
on the population of plant-parasitic nematodes and plant growth of 
okra cv. 'Saimla'. 
This experiment was conducted on the same lines as in 4.6. Results indicated 
that all the plant-parasitic nematodes multiplied freely in untreated control pots 
and populations of these nematodes increased to 1849 from the initial level of 
1322 nematodes/250 g of soil (Table 25). 
There was a significant reduction in the populations of these plant-
parasitic nematodes when the pots were amended with various treatments; 
however, the combined application of all the oil cakes with carbofuran was 
more promising. Highest decrease in nematode count was observed in the 
plants which received combined dose of neem cake and carbofuran (696/250 g 
of soil). It was followed by castor cake + carbofuran (731), groundnut cake + 
carbofuran (776) and mustard cake + carbofliran (818). The total nematode 
populations observed in plants treated with oil cakes alone were 887 (neem 
cake), 929 (castor cake), 956 (groundnut cake) and 980 (mustard cake). 
The plant growth (length and fresh weight of root and shoot) of okra cv. 
'Saimla' showed a positive correlation with the decrease in the nematode 
populations. All the treatments were effective in enhancing the plant growth 
characters, however, when applied together, the results obtained were more 
pronounced. The combined application of neem cake and carbofuran greatly 
improved the plant growth (plant length = 53.6 cm and plant weight = 42.9 g). 
The other treatments can be arranged on the basis of their efficacy as: castor 
cake + carbofuran (49.3 cm and 39.4 g), groundnut cake + carbofuran (45.4 cm 
and 38.0 g), mustard cake + carbofuran (43.9 cm and 36.0 g), neem cake (38.6 
cm and 31.5 g), castor cake (35.5 cm and 30.7 g), groundnut cake (32.3 cm 
and 27.7 g) and mustard cake (30.1 cm and 26.3 g), while the total plant 
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length and total plant weight of untreated plants was 16.1 cm and 13.1 g 
respectively (Table 25). 
4.7: Effect of various oil cakes alone and in combination with 
carbofuran on the root-knot development caused by 
Meloidogyne incognita and plant growth of tomato cv. 'K-25'. 
The present experiment was conducted under glasshouse conditions for 
evaluating the nematicidal efficacy of various oil cakes alone and in 
combination with carbofuran oh the root-knot development and soil population 
of Meloidogyne incognita and various plant growth characters of tomato cv. 
'K-25'(Table 26). 
The root-knot nematode, M incognita multiplied freely in untreated pots 
(552.0/200 cc of soil) and thus was highly pathogenic on tomato (number of 
galls/g of root = 38.4 and number of egg masses/g of root = 21.9). The 
development of nematode was highly suppressed when plants were treated with 
different organic amendments; however, all the oil cakes when applied in 
combination with carbofuran were more effective in suppressing the nematode 
development. Plants treated with neem cake + carbofuran were least affected 
by the nematode, showing least number of galls and egg masses/g of root (4.7 
and 2.8 respectively) and soil population of nematode (254.0). It was followed 
by castor cake + carbofuran where the number of galls, egg masses and soil 
population of the nematode were 8.2, 4.7 and 262.0 respectively and next in the 
ordQr of efficiency were groundnut cake + carbofuran (9.3, 6.3 and 301.0), 
mustard cake + carbofuran (14.6, 10.4 and 324.0), neem cake (14.4, 11.4 and 
359.0), castor cake (17.7, 12.6 and 378.0), groundnut cake (19.3, 12.8 and 
385.0) and mustard cake (20.6, 15.7 and 390.0). 
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The various plant growth characters (length and fresh weight of root and 
shoot, number and weight of fruit) of tomato cv, 'K-25' in the amended soil 
showed significant improvement. Moreover the combined treatments were 
more effective in enhancing the plant growth characters as compared to oil 
cakes amended alone. Neem cake + carbofliran brought about maximum 
increase in plant growth (plant length = 55.7 cm, plant weight = 46.3 g, number 
of fruits = 10.0 and fruit weight = 143.7 g). It was followed by castor cake + 
carbofuran where the figures for these corresponding growth characters were 
50.5 cm, 44.5 g, 9.0 and 126.8, groundnut cake + carbofuran (48.9 cm, 40.8 g, 
8.0 and 116.7g), mustard cake + carbofuran (45.2 cm, 38.3 g, 7.0 and 104.0 g). 
Mustard cake when amended alone was least effective (36.3 cm, 29.2 g, 5.0 
and 95.8 g) as compared to untreated uninoculated control where 
corresponding figures for plant length, plant weight, number of fruits and fruit 
weight were 63.4 cm, 53.2 g, 12.2and 165.7 g respectively (Table 26). 
4.7.1: Effect of various oil cakes alone and in combination with carbofuran 
on the root-knot development caused by Meloidogyne incognita and 
plant growth of chilli cv. 'Pusa Jawala'. 
This experiment was conducted on the same lines as in 4.7. The results 
indicated that the nematode multiplied freely in the untreated control pots 
(number of galls/g of root = 31.2 and number of egg masses/g of root = 19.5, 
soil population of nematode = 501.0), thereby severely affecting the plant 
development of chilli cv. 'Pusa Jawala' (Table 27). 
Due to the application of different treatments, incidence of root-knot and 
soil population of the nematode declined significantly, however, the severity of 
infestation was minimum in plants treated with combined dose of oil cakes and 
carbofuran. Neem cake when applied in combination with carbofiiran was 
highly promising in reducing the root galling and soil population of nematode 
85 
(number of galls/g of root = 3.7 and number of egg masses/g of root = 2.6 and 
soil population/200 cc of soil = 252.0). The other treatments can be arranged in 
the order of efficiency and their corresponding values for the number of galls/g 
of root, number of egg masses/g of root and nematode population/200 cc of soil 
as: castor cake + carbofuran (6.2, 3.9 and 260.0), groundnut cake + carbofuran 
(8.2-, 5.9 and 288.0), mustard cake + carbofuran (11.1, 8.3 and 305.0), neem 
cake (11.6, 9.4 and 339.0), castor cake (14.0, 9.7 and 360.0), groundnut cake 
(15.2, 10.7 and 370.0) and mustard cake (17.7, 14.9 and 377.0). 
The inhibition in nematode development and soil population by 
amending soil with various organic additives brought about significant 
improvement in various plant growth characters. Here again, soil amended with 
a combined dose of neem cake and carbofuran was most effective in enhancing 
the plant growth (plant length = 36.3 cm, plant weight = 30.7 g, number of 
fruits =11.5 and fruit weight = 27.1 g), followed by other combined treatments. 
Oil cakes when amended alone also enhanced the plant growth, however, their 
efficacy was comparatively less. Plants treated with mustard cake alone 
showed least effect (plant length = 21.3 cm, plant weight = 18.8 g, number of 
fruits = 6.0 and fruit weight = 17.5 g). The figures of these plant growth 
parameters for untreated uninoculated and untreated inoculated control plants 
were 41.8 cm, 35.6 g, 15.7, 36.2 g and 15.1 cm, 13.0 g, 2.9 and 8.4 g 
respectively (Table 27). 
4.7.2: Effect of various oil cakes alone and in combination with carbofuran 
on the root-knot development caused by Meloidogyne incognita and 
plant growth of okra cv. 'Saimla'. 
This experiment was conducted on the same lines as in 4.7. Here again, the 
root-knot nematode, Meloidogyne incognita severely affected the untreated 
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control plants by showing a frequent multiplication and root-knot development 
(number of galls/g of root = 36.4, number of egg masses/g of root = 20.3 and 
soil population/200 cc of soil = 514.0). 
The soil amending with different treatments brought about significant 
decrease in root-knot development as well as the final population of nematode. 
Moreover, all the oil cakes when applied in combination with carbofuran were 
more effective. Highest reduction in the root-knot development and soil 
population of M incognita was observed when pots were amended with neem 
cake + carbofuran (number of galls/g of root = 4.1, number of egg masses/g of 
root = 2.7 and soil population/200 cc g of soil = 264.0). Next in the order of 
efficiency was castor cake + carbofuran where corresponding figures for above 
mentioned nematode developing characters were 7.5, 4.2 and 275.0 
respectively, followed by groundnut cake + carbofuran (8.7, 6.2 and 296.0), 
mustard cake + carbofuran (13.3, 9.9 and 308.0), neem cake (14.0, 11.0 and 
324.0), castor cake (16.0, 12.1 and 360.0), groundnut cake (18.0, 12.2 and 
368.0) and mustard cake (20.1, 14.8 and 375.0). 
The plant growth (length and fresh weight of root and shoot, number and 
weight of fruits) of okra cv. 'Saimla', greatly improved due to the application 
of different treatments. However, combined treatments were more effective in 
promoting the plant growth. Neem cake when applied in combination with 
carbofuran was most efficacious in promoting the plant growth (plant length = 
58.3 cm, plant weight = 46.7 g, number of fruits = 12.2 and fi^it weight = 81.4 
g). The other treatments also showed a similar trend in enhancing the plant 
growth characters (Table 28). 
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4.8: Effect of soil amendment with urea coated with 'Nimin', neem-
gold and different plant oils on the population of plant-parasitic 
nematodes and plant growth of tomato cv. 'K-25'. 
It is well known that many plant products like fresh and dried leaves, fruits and 
oil cakes of neem and castor etc. are nematicidal in nature. Recently Godrej 
Soaps Ltd. has marketed a neem-based product with the trade name of 'Nimin' 
and has recommended it for urea coatings to prevent leaching of nifrogen. 
However, its deleterious potentiality against the nematodes is not well known, 
though in all possibilities it should possess some nematicidal properties. 
Similarly, the nematicidal value of various plant oils is not well knovm. With 
this background it was considered worthwhi'e to evaluate the nematode 
controlling potential, if any, of urea coated with 'Nimin', neem-gold and also 
of the oils of neem, castor and mustard. In untreated plants, the population 
density of nematodes increased gradually, however, it was suppressed when the 
plants were treated with 'Nimin', neem-gold and different plant oils (Table 29). 
Among all the treatments, 'Nimin' was found to be most efficacious in 
reducing the populations of plant-parasitic nematodes (552/250 g of soil). This 
was followed by neem-gold (600), neem oil (658), castor-oil (698) and mustard 
oil (736) at the highest dose (triple strength) compared with untreated control 
(1985) and initial population level of 1342 nematodes/250 g of soil. Similarly, 
single and double strengths of all the treatments inhibited the nematode 
populations but the efficacy was comparatively less (Table 29). 
The suppression in nematode populations due to the application of 
various treatments brought about significant improvement in plant growth 
(fresh weight and length of shoot and root). Maximum plant grov^h was noted 
when plants were treated with 'Nimin' (plant length = 53.5 cm and plant 
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weight = 46.8 g), followed by plants treated with neem-gold (51.3 cm and 45.0 
g), neem oil (49.0 cm and 42.5 g), castor oil (46.5 cm and 41.0 g) and mustard 
oil (45.0 cm 39.2 g) when applied at the highest dose (triple strength) as 
compared to untreated control (23.4 cm and 18.6 g). Similar trend was also 
observed when the growth parameters of plants treated with single and double 
strength of these treatments were assessed (Table 29). 
4.8.1: Effect of soil amendment with urea coated with 'Nimin', neem-gold 
and different plant oils on the population of plant-parasitic 
nematodes and plant growth of chilli cv. 'Pusa Jawala'. 
This experiment was conducted on the same lines as in 4.8. The various plant-
parasitic nematodes present in the naturally infested field soil showed a 
frequent multiplication in untreated control. The total populations increased to 
1873 from the initial population level of 1342 nematodes/250 g of soil (Table 
30). 
Due to the application of different treatments applied at various 
strengths, the populations of plant-parasitic ntrriatodes declined significantly, 
hov«ever, 'Nimin' when applied at the highest dose (triple strength) was found 
to be most effective in reducing the nematode populations (515/250 g of soil), 
it was followed by neem-gold (568), neem oil (612), castor oil (646) and 
mustard oil (691), when applied at the same strength. Similarly the reduction in 
the nematode populations was also observed but with a lesser efficacy, when 
all the treatments were applied at the lesser concentrations i.e. single and 
double strength (Table 30). 
The plant growth (fresh weight and length of shoot and root) of chilli cv. 
'Pusa Jawala' greatly enhanced due to the application of all the treatments. 
Here again, plants treated with urea coated with 'Nimin', when applied at triple 
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strength, showed the highest improvement in their growth (plant length = 35.0 
cm and plant weight = 30.2 g), followed by plants treated with neem-gold (32.3 
cm and 29.6 g), neem oil (30.0 cm and 28.2 g), castor oil (28.8 cm and 26.8 g) 
and mustard oil (27.6 cm and 25.8 g). Mustard oil when applied at its lowest 
dose (single strength) was found to be least effective as compared to untreated 
control where the figures for plant length and plant weight were 22.0 cm and 
19.3 g; 16.3 and 13.0 g respectively (Table 30). 
4.8.2: Effect of soil amendment with urea coated with 'Nimin', neem-gold 
and different plant oils on the population of plant-parasitic 
nematodes and plant growth of okra cv. 'Saimla'. 
This experiment was conducted on the same lines as in 4.8. Perusal of the 
results indicated that all the nematodes multiplied freely in untreated control 
pots filled with naturally infested field soil harbouring these plant-parasitic 
nematodes. 
The application of all the treatments brought about significant 
suppression in the nematode populations. 'Nimin' when applied at the highest 
dose (triple strength) was found to be at par in reducing the nematode 
populations (534/250 g of soil). Next in the order of efficiency was neem-gold 
at the same concentration (582), followed by neem oil (630), castor oil (670) 
and mustard oil (705) as compared to untreated control (1914) and initial 
population level (1342). All the treatments when applied at their lower doses 
(single and double strength) were also effective in reducing the nematode 
populations, however, with a comparatively lesser efficacy (Table 31). 
The reduction in the nematode populations directly affected the plant 
growth parameters (fresh weight and length of shoot and root) of okra cv. 
'Saimla'. All the treatments were effective in increasing the plant growth. 
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however, 'Nimin' was found to be most potent in enhancing the plant growth 
(plant length = 55.8 cm and plant weight = 42.8 g) and it was followed by 
neem-gold (52.1 cm and 40.3 g), neem oil (49.0 cm and 39.0 g), castor oil (47.7 
cm and 35.4 g) and mustard oil (46.0 cm and 34.9 g) at their highest dose 
(triple strength). Similarly the plant growth was also enhanced, however, to a 
lesser extent when the soil was amended with lower doses of these treatments 
(Table 31). 
4.9: Effect of soil amendment with urea coated with 'Nimin', neem-
gold and different plant oils on the root-knot development caused 
by Meloidogyne incognita and plant growth of tomato cv. 'K-25'. 
This experiment was conducted under glasshouse conditions for evaluating the 
nematicidal efficacy of soil amendment with urea coated with 'Nimin', neem-
gold and plant oils of neem, castor and mustard on the root-knot incidence 
caused by Meloidogyne incognita and plant growth of tomato cv, 'K-25' (Table 
32). 
The perusal of results clearly indicate that the root-knot nematode, M 
incognita was highly pathogenic on tomato when the plants were kept 
untreated (RKI = 5.00 on 0-5 scale). The application of different treatments 
applied at various doses, brought about significant reduction in the root galling 
caused by M incognita. All the treatments were comparatively more effective 
at their highest dose (triple strength). 
As compared to untreated control, the root-knot index was only 0,25 in 
plants treated with 'Nimin' (triple strength) and the root-knot indices for other 
treatments at the same concentrations were 0,30, 0,50, 0,70 and 1,00 for neem-
gold, neem oil, castor oil and mustard oil respectively. Furthermore the same 
figures for these treatments at the lower dose (double strength) were 0,50, 1,00, 
91 
1.10, 1.35 and 1.50. The lowest dose (single strength) was also found to be 
slightly effective in reducing the root-knot development (Table 32). 
There was a significant improvement in plant growth (fresh weight and 
length of shoot and root) due to the application of various soil amendments, 
however, the enhancement was more pronounced in plants treated with higher 
doses of all the treatments where the inhibition in root galling was found to be 
maximum. Among all the treatments, highest plant growth (plant length = 62.3 
cm and plant weight = 51.9 g) was observed when soil was amended with urea 
coated with 'Nimin' applied at its highest dose. Next in the order of efficiency 
was neem-gold (58.7 cm and 49.5g), followed by neem oil (55.1 cm and 48.0 
g), castor oil (53.6 cm and 46.8 g) and mustard oil (50.3 cm and 45.7 g). The 
frequent multiplication of the nematode in untreated control pots reduced the 
plant growth significantly (plant length = 29.7 cm and plant weight = 24.8 g). 
The treatments applied at lower doses (single and double strengths) were also 
found effective following a similar trend, but with a comparatively lesser 
efficacy (Table 32). 
4.9.1: Effect of soil amendment with urea coated with 'Nimin', neem-gold 
and different plant oils on the root-knot development caused by 
Meloidogyne incognita and plant growth of chilli cv. 'Pusa Jawala'. 
The-present experiment was conducted on the same lines as in 4.9. In untreated 
control, the chilli cv. 'Pusa Jawala' plants suffered a severe damage by the 
root-knot development caused by Meloidogyne incognita (RKI = 4.00 on 0-5 
scale). 
The application of various additives significantly declined the incidence 
of root-knot development, however, the severity of root galling was found 
minimum (RKI = 0.40) m plants treated with 'Nimin' coated urea, when 
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applied at the higher dose (triple strength). The root-knot indices of other plants 
that received other treatments applied at the same concentrations were 0.50, 
0.60, 0.70 and 0.75 for neem-gold, neem oil, castor oil and mustard oil 
respectively. The root-lcnot infestation was also inhibited, however, to lesser 
extent, when the double strength of the above treatments was applied (Table 
33).. 
The plant growth (fresh weight and length of shoot and root) of chilli 
plants greatly improved but to varying extent depending upon the concentration 
of the treatment. The plants treated with 'Nimin' (triple strength) was most 
effective in enhancing the plant growth (plant length = 42.9 cm and plant 
weight = 36.9 g), followed by plants treated with neem-gold (40.4 cm and 34.2 
g), neem oil (38.5 cm and 32.2 g), castor oil (35.9 cm and 31.0 g) and mustard 
oil (34.0 cm and 29.9 g) compared with untreated control (15.2 cm and 13.2 g). 
The lower doses (single and double strengths) also improved the plant growth 
but to some lesser extent (Table 33). 
4.9.2: Effect of soil amendment with urea coated with 'Nimin', neem-gold 
and different plant oils on the root-knot development caused by 
Meloidogyne incognita and plant growth of okra cv. 'Saimla'. 
This experiment was conducted on the same lines as in 4.9. The perusal of 
results presented here clearly indicated that the root-knot nematode, 
Meloidogyne incognita severely affected the okra cv. 'Saimla' plants in 
untreated control pots (RKI = 4.50). 
The root-knot incidence was, however, greatly suppressed by amending 
the soil with urea coated with 'Nimin', neem-gold and plant oils of neem, 
castor and mustard applied at various strengths. The highest reduction in root 
galling was observed in plants treated with higher dose (triple strength) of 
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'Nimin' (RKI = 0.60), this was followed by neem-gold (0.70), neem oil (0.80), 
castor oil (0.90) and mustard oil (1.00). All these treatments when applied at 
their lower doses also inhibited the root-knot development, however, to varying 
extent (Table 34). 
There was a great improvement in the plant growth characters (fresh 
weight and length of shoot and root) of okra plants due to the reduction in the 
root-knot incidence brought about by amending the soil with various doses of 
treatments. However, 'Nimin' was most effective in enhancing the plant 
growth (plant length = 67.7 cm and plant weight = 51.6 g), it was followed by 
plants treated with neem-gold (63.0 cm and 49.0 g), neem oil (59.3 cm and 
47.0 g), castor oil (57.3 cm and 45.5 g) and mustard oil (54.0 cm and 44.0 g) at 
the highest dose. Mustard oil when amended at the lowest dose (single 
strength) was least effective (46.2 cm and 31.3 g) as compared to untreated 
control plants where figures for total plant length and plant weight were 30.3 
cm and 17.5 g respectively (Table 34). 
4.10: EfTect of soil amendment with neem part/products and/or two 
nematicides on the root-knot development caused by Meloidogyne 
incognita and plant growth of tomato cv. 'K-25' in field 
The* present experiment was carried out under field conditions to assess the 
nematicidal toxicity of chopped leaves, seed powder and oil cake of neem and 
two nematicides, carbofliran and phorate alone and in various combinations, 
against the soil population and root-knot development caused by root-knot 
nematode, Meloidogyne incognita and the overall response of these treatments 
on the plant growth of tomato cv. 'K-25'. 
The perusal of the results presented in Table 35, clearly indicated that all 
the treatments either alone or in combinations, were effective in reducing the 
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soil population and root-knot incidence of M incognita and thereby enhancing 
the overall growth of tomato plants. 
The combined application of neem oil cake and carbofuran was most 
efficacious in reducing the number of galls and egg masses/plant (44.3 and 18.7 
respectively), followed by neem oil cake + phorate (48.5 and 20.9), neem seed 
powder + carbofuran (52.4 and 22.5), neem seed powder + phorate (55.4 and 
24.3), chopped leaves + carbofuran (58.3 and 26.8), chopped leaves + phorate 
(62.1 and 28.8), carbofuran alone (63.9 and 29.2), phorate (66.9 and 29.8), 
neem oil cake (71.5 and 31.4), seed powder (74.3 and 32.2) and chopped leaves 
(79.5 and 34.3) as compared to untreated control where the respective figures 
were 96.0 and 45.4 (Table 35). 
The nematode multiplied freely in untreated control plots where the soil 
population observed after 45 days and 90 days was 704.0 and 732.0 
respectively, however, there was a significant reduction in the nematode 
population in all the treated plots, the combined treatments being more 
effective. The population reduced to a maximum of 30.68% and 36.48% after 
45 and 90 days respectively in plots amended with neem oil cake + carboftiran. 
Next in the order of efficiency was oil cake + phorate where the percent 
decrease after 45 and 90 days was 29,40% and 34.43% respectively, followed 
by neem seed powder + carbofuran (28.13% and 33.06%), neem seed powder 
+ phorate (27.27% and 32.65%), chopped leaves + carboftiran (26.56% and 
32.10%), chopped leaves + phorate (25.99% and 31.56%). The treatments 
when amended singly were also found to be effective in reducing the nematode 
population but with a lesser efficacy (Table 35). 
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The reduction in the root-knot incidence and soil population of M. 
incognita by the application of various organic additives brought about 
significant enhancement in the plant growth characters, highest being in plots 
treated with neem oil cake and carbofliran (plant length = 66.5 cm, plant weight 
= 55.8 g, number of leaves = 146.4, number of fruits = 85.4 and yield/kg/plot = 
6.8) compared to untreated control where the figures for corresponding growth 
parameters were 26.8 cm, 20.9 g, 91.1, 35.5 and 1.7 respectively. The soil 
amendment with other treatments either alone or in various combinations also 
enhanced the plant growth and thereby can arranged in the descending order of 
efficiency as: oil cake + phorate > seed powder + carbofuran > seed powder + 
phorate > chopped leaves + carbofuran > chopped leaves + phorate > 
carbofuran > phorate > oil cake > seed powder > chopped leaves (Table 35). 
4.10.1: Effect of soil amendment with neem part/products and/or two 
nematicidcs on the root-knot development caused by Meloidogyne 
incognita and plant growth of chilli cv. 'Pusa Jawala' in field 
This experiment was conducted on the same lines as in 4.10. Here again, the 
combined influence of all the treatments was more effective in reducing the soil 
population and root-knot infestation of Meloidogyne incognita and thus 
enhancing the plant growth of chilli cv. 'Pusa Jawala'. 
Neem oil cake when mixed with carbofuran was most effective in 
reducing the number of galls and number of egg masses/plant (46.4 and 12,8), 
it was followed by neem oil cake + phorate (48.8 and 13.6), seed powder + 
carbofuran (50.7 and 14.5), seed powder + phorate (53,4 and 16,7), chopped 
leaves + carbofuran (54.8 and 17.3), chopped leaves + phorate (56,9 and 18,4). 
All the treatments when applied alone also reduced gall incidence of the 
nematode, however with a comparatively lesser efficacy (Table 36). 
96 
In untreated control plots, the nematode showed a frequent 
multiplication and the total population observed 45 and 90 days after 
transplanting was 651.0 and 674.0 respectively. However, the soil amendment 
with various treatments either alone or in combination brought about 
significant reduction in the nematode population density and the maximum 
reduction was observed in plots treated with neem oil cake + carbofuran 
(31.95% and 36.20%), followed by neem oil cake + phorate (31.64% and 
35.46%), seed powder + carbofuran (30.88% and 35.01%), seed powder + 
phorate (30.26% and 34.42%), chopped leaves + carbofuran (29.49% and 
33.98%) and chopped leaves + phorate (28.73% and 33.38%). All the 
treatments when applied singly were also effective in reducing the nematode 
population, however, to some lesser extent (Table 36). 
The plant growth of chilli cv. 'Pusa Jawala' showed a promising 
improvement by the application of different treatments, however, combined 
influence of all the treatments being more effective. The highest plant growth 
was recorded in plants treated with a combined dose of neem oil cake and 
carbofuran (plant length = 45.4 cm, plant weight = 38.1 g, number of leaves = 
99.3, number of fruits = 25.2 and yield/kg/plot = 3.7) as compared to untreated 
control where the figures for respective plant growth parameters were 11.3 cm, 
8.8 g, 40.7, 6.2 and 0.5. Other treatments also showed a similar trend in 
» 
enhancing the different plant growth characters (Table 36). 
4.10.2: Effect of soil amendment with neem part/products and/or two 
nematicides on the root-knot development caused by Meloidogyne 
incognita and plant growth of okra cv. 'Saimla' in field 
This experiment was conducted on the same lines as in 4,10. The soil 
population and root-knot development of Meloidogyne incognita was greatly 
reduced and plant growth was thus enhanced when the field soil was amended 
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with different treatments, however, the combined action of all the treatments 
was more effective. 
Neem oil cake when applied in combination with carbofUran was found 
to be most efficacious among all the treatments in reducing the number of galls 
and number of egg masses/plant (58.0 and 29.8 respectively). Chopped leaves 
when applied alone were least effective (76.9 and 43.9) as compared to 
untreated control (121.8 and 65.7), however, all other treatments showed a 
similar potential in decreasing the number of galls and egg masses (Table 37). 
The population of the nematode declined significantly due to the 
application of various Irealmcnls, however, combined treatments being more 
effective than the individual ones. The highest decrease in nematode population 
was observed in the plots treated with oil cake and carbofUran (30.58% and 
35.51%) as observed after 45 and 90 days after transplanting. All other 
treatments reduced the nematode population in a similar manner (Table 37). 
The plant growth of okra was highly improved due to the addition of 
various soil amendments applied either alone or in combinations. The highest 
and the lowest plant growth was observed in plants treated with oil cake + 
carbofuran and chopped leaves alone respectively (plant length = 65.6 cm and 
39.9 cm, plant weight = 58.8 g and 33.3 g, number of leaves = 42.2 and 27.1, 
number of fruits = 36.4 and 19.3 and yield/kg/plot = 5.6 and 2,3 respectively) 
as compared to untreated control where the respective figures of the various 
plant growth parameters were 25.8 cm, 20.5 g, 18.7, 10.8 and 1.2 respectively. 
All other treatments were also effective in improving the plant growth (Table 
37). 
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4.11: Effect of bare-root dip treatment with extracts of neem and a 
nematicide on the root-knot development caused by 
Meloidogyne incognita and plant growth of tomato cv. 'K-25'. 
Various organic amendments such as different plant parts and plant products 
(leaves, flowers, fruits, oil cakes, seed powder etc.) are still being used and a 
considerable work has been done in the past for the management of plant-
parasitic nematodes. Soil amendment with oil cakes and leaves of neem has 
been proved beneficial for suppressing plant-parasitic nematodes. Thus an 
investigation was carried out to see whether a bare-root dip in the extracts of 
neem leaves, oil cake and a nematicide (carbofuran/Furadan-3G) will be useful 
in controlling the root-knot incidence caused by Meloidogyne incognita. 
The bare-root dip treatment of tomato cv. 'K-25' seedlings in the 
extracts (S, S/2 and S/10) of neem leaves, neem cake, carbofuran, neem leaves 
+ carbofuran and neem cake + carbofuran significantly reduced the root-knot 
development in pre-infected seedlings as well as those which were inoculated 
with second stage juveniles of M incognita @1000 J2/pot after dip treatment. 
Extracts of neem cake + carbofuran were found to be most effective in 
reducing the root-knot incidence and enhancing the plant growth (Table 38). 
The inhibition in the root-knot development was more pronounced in pre-
infetited and plants treated with neem cake + carbofuran (where root-knot 
indices at S, S/2 and S/10 concentrations were 0.40, 1.00 and 1.30 respectively) 
compared to those inoculated with the nematode after dip treatment (root-knot 
indices = 0.50, 1.10 and 1.60 at S, S/2 and S/10 concentrations respectively). 
Moreover in the extracts of neem leaves + carbofuran at S, S/2 and S/10 
concentrations, the root-knot indices were 0.70, 1.20, 1.70 and 0.80, 1.30 and 
1.90 in pre-infected and post inoculated plants respectively, while in case of the 
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extracts of oil cakes alone the corresponding figures of root-knot indices were 
0.80, 1.40, 1.80 and 0.90, 1.40 and 1.90 respectively. The least inhibition in the 
root-knot incidence was observed when the plants were given the bare-root dip 
treatment of carbofuran extracts alone (Table 38). 
The growth of plants improved with the increasing concentrations of 
different extracts. However, the highest plant growth (plant length = 56.7 cm 
and plant weight - 47.0 g) was recorded in the treatment with S concentration 
of extracts of neem cake + carbofuran in post-inoculated plants of tomato 
which was followed by the same concentration of neem leaves + carbofuran 
(55.0 cm and 45.9 g), neem cake (52.8 cm and 42.4 g), neem leaves (50.8 cm 
and 39.6 g) and carbofuran (48.1 cm and 37.6 g). A similar trend in enhancing 
the plant growth of tomato was observed at the lower concentrations (S/2 and 
S/10) of these treatments. The increase in the plant growth was more 
prooounced in post-inoculated plants than the pre-infected ones (Table 38). 
4.11.1: Effect of bare-root dip treatment with extracts of neem and a 
nematicide on the root-knot development caused by Meloidogyne 
incognita and plant growth of chilli cv. 'Pusa Jawala'. 
This experiment was conducted on the same lines as in 4.11. The root-knot 
development caused by Meloidogyne incognita was very severe on chilli cv. 
'Pusa Jawala' (RKI =4.00 on 0-5 scale) in untreated control (Table 39). 
The bare-root dip treatment of chilli seedlings in the extracts of neem 
leaves, neem oil cake and carbofuran significantly suppressed the root-knot 
development in pre-infected seedlings and also in those which were inoculated 
with second stage juveniles of M incognita after the dip treatment. Among all 
the treatments, the combined extract of neem cake and carbofuran was most 
effective. The inhibition in the root-knot incidence was greater in pre-infected 
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chilli plants treated with neem cake + carbofuran (root-knot indices = 0.30, 
0.90 and 1.50 in S, S/2 and S/10 concentrations respectively) compared with 
those inoculated with second stage juveniles (1000J2/pot) after root-dip 
treatment (root-knot indices = 0.30, 1.00 and 1.60 at same concentrations). 
Next in the order of efficiency were neem leaves + carbofuran, neem cake 
extracts followed by extracts of neem leaves and carbofuran alone at their 
various concentrations (Table 39). 
The plant growth of chilli (plant length and fresh plant weight) improved 
with the increasing concentrations of the extracts and was more promising at 
the highest concentration (S) of all the treatments. Further it was directly 
correlated with the degree of reduction in the root-knot incidence. The highest 
plant grov^h (plant length = 38.4 cm and plant weight = 31.2 g) was observed 
in plants treated with 'S' concentration of extract of neem cake + carbofuran in 
the post-inoculated plants of chilli, it was followed by the same concentration 
of other treatments; neem leaves + carbofuran (35,0 cm and 29.1 g), neem cake 
extract (34.1 cm and 28.4 g), neem leaves extract (33.3 cm and 27.8 g) and 
carbofuran (32,7 cm and 27.0 g). However, in the pre-infected plants the 
corresponding figures for the same treatments when applied at their highest 
concentration (S) were 37.1 cm and 29.4 g; 33.8 cm and 28.2 g; 32.6 cm and 
27.8 g; 31.4 cm and 27.3 g and 31.2 cm and 26.9 g respectively. Similar trend 
in the improvement in growth characters was observed in both pre-infected 
seedlings as well as post-inoculated plants at the lower concentrations (S/2 and 
S/10) of all the treatments (Table39). 
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4.12: Effect of bare-root dip treatment with extracts of castor and a 
nematicide on the root-knot development caused by 
Meloidogyne incognita and plant growth of tomato cv. 'K-25'. 
The present experiment was conducted under glasshouse conditions to assess 
the nematotoxic potential of various eritracts of castor leaves, castor cake, 
carbofuran, castor leaves + carbofuran and ca^ ^^ or cake + carbofuran used as 
bare-root dip treatments against the root-knot nematode, Meloidogyne 
incognita affecting tomato cv. 'K-25'. 
All the treatments, at their various concentrations (S, S/2 and S/10) 
when applied as bare-root dip, caused significant reduction in the root-knot 
development of pre-infected as well as post-inoculated (with second stage 
juveniles of M incognita) tomato seedlings. However, this inhibition was more 
pronounced in pre-infected seedlings inoculated after dip treatment. The 
extracts of castor cake + carbofuran and castor leaves + carbofiiran were 
comparatively more effective and gave better results than all the treatments 
when used as dip treatment alone (Table 40). 
The reduction in the root galling was comparatively higher in pre-
infected plants treated with extracts of castor cake + carbofuran where the root-
knot indices were 0.40, 0.80 and 1.50 at S, S/2 and S/10 concentrations, 
compared with post-inoculated plants (root-knot indices = 0.50, 1,00 and 1.50 
at S, S/2 and S/10 concentrations respectively). The reduction in the root-knot 
development was similar while the plants were given the dip treatments in 
various concentrations of the other treatments, however, the dip treatment in 
carbofuran extracts alone reduced the infection but with a lesser efficacy (Table 
40). 
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There was a positive correlation between the improvement in the plant 
growth (fresh weight and length of shoot and root) with the increasing 
concentrations of the extracts and the degree of nematode control. Maximum 
plant growth (plant length = 52.0 cm and plant weight = 45.3 g) was observed 
in root-dip treatment with 'S' concentration of the extracts of castor cake + 
carbofuran in post-inoculated plants of tomato. It was followed by the same 
concentration of other treatments, castor leaves + carbofuran (49.4 cm and 43.2 
g), castor cake (45.3 cm and 38.7 g), castor leaves (42.4 cm and 37.5 g) and 
carbofuran (41.2 cm and 37.2 g) respectively. A similar trend in the 
enhancement of plant growth characters was observed at lower concentrations 
(S/2 and S/10) of other treatments applied to both post-inoculated as well as 
pre-infected plants of tomato (Table 40). 
4.12.1: Effect of bare-root dip treatment with extracts of castor and a 
nematicidc on the root-knot development caused by Meloidogyne 
incognita and plant growth of chilli cv. 'Pusa Jawala'. 
This experiment was conducted on the same lines as in 4.12, for evaluating the 
effect of bare-root dip treatment in extracts of castor leaves, castor cake and 
carbofuran alone and in combinations against the root-knot development 
caused by Meloidogyne incognita and plant grovvth of chilli cv. 'Pusa Jawala'. 
The root-knot incidence was severe on chilli (RKI = 4.00) in untreated control 
(Table 41). 
Bare-root dip of chilli seedling in the extracts of various treatments 
significantly inhibited the root-knot development caused by M incognita and 
this inhibition increased simultaneously with the increase in the concentrations. 
The inhibition was higher in pre-infected plants treated with extracts of castor 
cake + carbofuran (root-knot indices were 0.20, 0.60 and 1.00 at S, S/2 and 
S/10 concentrations respectively) compared to those inoculated with the 
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nematode after dip treatment (root-knot indices = 0.30, 0.70 and 1.10 at S, S/2 
and S/10 concentrations respectively). The corresponding figures of root-ioiot 
indices at S, S/2 and S/10 concentrations of bare-root dip in the oil cake 
extmcts of pre-infected and post inoculated plants were 0.50, 0.90, 1.70 and 
0.70, 1.10 and 1.70 respectively. Other treatments (castor leaves and 
carbofiiran when applied alone) brought about similar reduction in the root-
knot development, however, up to some lesser extent (Table 41). 
The plant growth improved with the increasing concentrations of the 
extracts and was directly correlated with the extent in nematode control. The 
standard concentration (S) of castor cake + carbofiiran was most effective in 
enhancing the plant growth in both post-inoculated plants (plant length = 36.8 
cm ^nd plant weight = 30.3 g) as well as pre-infected plants (35.0 cm and 29.0 
g), however, the effect was more pronounced in the post-inoculated plants. 
Similar trend in the improvement in plant growth characters was observed at 
various concentrations of the extracts of all the treatments which can be 
arranged in the descending order of efficiency as castor leaves + carbofiiran > 
castor cake > castor leaves > carbofiiran (Table 41). 
4.13: Effect of bare-root dip treatment in the extracts of neem and a 
chemical nematicide on the penetration of root-lcnot larvae into 
the roots of tomato, chilli and okra plants in pots 
The present experiment was conducted under glasshouse conditions to assess 
the nematicidal potential, if any, of the extracts of neem leaves and neem oil 
cake, a chemical nematicide (Carbofuran/Furadan-3G), neem leaves + 
carbofuran and neem cake + carbofiiran against the larval penetration of second 
stage juveniles of the root-knot nematode, Meloidogyne incognita, into the 
roots of tomato, chilli and okra after dip treatment. Root-dip in the extracts of 
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all the treatments inhibited the larval emergence into the roots of all the test 
plants in pots. The penetration decreased significantly with an increase in the 
dip duration and varied from treatment to treatment as compared to undipped 
inoculated control. 
Tomato cv.'K-25': 
When three week old tomato seedlings raised in autoclaved pots were 
inoculated with 1,000 J2 of root-knot nematode, after dip treatment in the 
extracts of neem cake + carbofuran, neem leaves + carbofuran, neem leaves, 
neem cake and carbofuran, for 120 minutes, the number of larvae penetrated 
were 203, 260, 280, 303 and 300 respectively, while after 60 minutes of dip 
duration the corresponding figures for the respective treatments were 343, 390, 
420, 437 and 470 as compared to 883 in undipped inoculated control. 
The percent inhibition in the larval penetration in tomato plants treated 
with above treatments after 120 minutes of dip duration was 77.01%, 70.55%, 
68.29%, 65.69% and 66.02% and the same figures after 60 minutes of dip 
duration were 61.16%, 55.83%, 52.43%, 50.51% and 46.77% respectively 
(Table 42). 
Chilli cv. 'Pusa Jawala': 
When the chilli seedlings were inoculated with 1,000 second stage larvae after 
root-dip treatment in the extracts of neem cake + carboftiran, neem leaves + 
carbofuran, neem leaves, neem cake and carbofui-an for 120 minutes, the 
number of larvae penetrated into the roots of chilli were 253, 280, 307, 323 and 
309 respectively and in 60 minutes dip treatment the corresponding figures of 
nunjber of larvae penetrated into the roots of chilli plants receiving the above 
treatments were 367, 390, 440, 463 and 460 respectively, as against 920 in 
undipped inoculated control. 
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The percent inhibition in the larval penetration in above treatments after 
120 minutes of dip treatment was 72.50%, 69.57%, 66.63%, 64.89% and 
66.4l% and after 60 minutes dip duration, 60.11%, 57.61%, 52.17%, 49.67% 
and 50.00% respectively (Table 43). 
Okra cv. 'Saimla': 
When okra seedlings were inoculated @1,000 J2/plant after root-dip treatment 
in the extracts of neem leaves, neem cake, carboftiran and neem leaves + 
carbofuran and neem cake + carbofuran for 120 minutes, the number of larvae 
penetrated into the roots of okra were 293, 313, 300, 267 and 230 and for 60 
minutes dip treatment, the corresponding figures for the respective treatments 
were 423, 447, 480, 397 and 347 respectively as compared to 887 in undipped 
inoculated control. 
The percent inhibitions in the larval penetration in above treatments as 
compared to control, after 120 minutes of dip duration was 66.97%, 64.71%), 
66.19%, 69.90% and74.04% and after 60 minutes dip duration, 52.31%, 
49.61%, 45.89%, 55.24% and 60.88% respectively (Table 44). 
4.14: Effect of bare-root dip treatment in the extracts of castor and a 
chemical nematicide on the penetration of root-knot larvae into 
the roots of tomato, chilli and okra plants in pots 
This experiment was conducted on the same lines as in 2.13 and the results 
obtained were also similar to the previous findings, however, the effect was not 
as promising as that of neem extracts. 
Tomato cv. 'K-25': 
When tomato seedlings, transplanted singly from autoclaved pots, were 
inoculated with 1,000 freshly hatched second stage juveniles of root-knot 
nematode, Meloidogyne incognita, after root-dip in the extracts of castor cake + 
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carbofuran, castor leaves + carbofUran, castor leaves, castor cake and 
carbofiiran, for 120 minutes, the number of larvae penetrated into the roots of 
tomato were 270, 300, 317, 340 and 327 respectively, while after 60 minutes of 
dip treatment the corresponding figures were 376, 403, 457, 473 and 477 
respectively, as compared to 883 in undipped inoculated control. 
The percent inhibition in the larval penetration in the above mentioned 
treatments after 120 minutes of dip duration was 69.42%, 66.02%, 64.10%, 
61.49% and 62.97% and the same figures after 60 minutes of dip duration were 
57.42%, 54.36%, 48.24%, 46.43% and 45.98% respectively (Table 45). 
Chilli cv. 'Pusa Jawala': 
When chilli seedlings were inoculated @ 1,000 Ja/plant after dip treatment in 
the extracts of castor cake + carbofuran, castor leaves + carbofuran, castor 
leaves, castor cake and carbofuran, the number of larvae penetrated in the 
plants that received 120 minutes of dip treatments, were 270, 283, 300, 337 and 
327* respectively, while the corresponding figures for respective treatments 
after 60 minutes of dip duration were 390, 410, 473, 453 and 497 as compared 
to 920 of undipped inoculated control. 
The percent inhibition in the larval penetration in the above treatments 
after 120 minutes of dip duration was 70.65%, 69.24%, 67.39%, 63.37% and 
64.46% and after 60 minutes of dip duration the figures were 57.61%, 55.43%, 
48.59%, 50.76% and 45.98% respectively (Table 46). 
Okra cv. 'Saimla': 
When okra seedlings were inoculated with 1,000 second stage larvae of root-
knot nematode after dip treatment in the extracts of castor cake + carbofiiran, 
castor leaves + carbofuran, castor leaves, castor cake and carbofiiran, for 120 
minutes, the number of larvae penetrated into the roots of okra plants were 270, 
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283, 310, 320 and 327 respectively, while in 60 minutes dip treatment the 
corresponding figures were 380, 417, 447, 473 and 490 as compared to 887 in 
undipped inoculated control. 
The percent inhibition in the larval penetration in the above treatments 
after 120 minutes of dip duration was 69.56%, 68.09%, 65.05%, 63.92% and 
63.13% and after 60 minutes of dip duration the figures were 57.16%, 52.99%, 
49.61%, 46.67% and 44.76% respectively (Table 47). 
4.15: Effect of water extracts of leaves of some selected plant species 
on the hatching oi'Meloidogyne Incognita In vitro 
This experiment was conducted under in vitro conditions to assess the 
antinemic properties of the water extracts of plant leaves of neem {Azadirachta 
indica), eucalyptus {Eucalyptus citriodora), bakain/Persian lilac {Melia 
azedarach), castor {Ricinus communis), bottlebrush {Callistemon lanceolatus), 
marigold (Tagetes patula), clerodendrum (Clerodendrum inerme) and 
thuja/White cedar {Thuja orientalis), against the hatching of second stage 
juveniles (J2) of root-knot nematode, Meloidogyne incognita. Leaf extracts of 
all the test plants were found inhibitory to juvenile emergence. However, the 
inhibitory effect increased with the increasing concentration of the extracts 
(Table 48). 
The hatching was completely inhibited at 'S ' concentration of the leaves 
of neem, bakain/Persian lilac, castor and marigold, however, at the same 
concentration, few juveniles emerged in the extracts of eucalyptus, bottlebrush, 
clerodendrum and thuja. At S/2 concentration the corresponding figures of 
juveniles emerged in the above treatments were 10, 18, 23, 27, 39, 43, 55 and 
64 respectively compared with 420 in distilled water control. The juvenile 
emergence increased further in the lower concentrations (S/10 and S/100) but 
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the inhibition in the juvenile hatching was more than 56% at S/100 
concentration of thuja leaves (Table 48). 
4.16: Effect of water extracts of undecomposed and decomposed oil 
cakes on the hatching of Meloidogyne incognita in vitro 
This experiment was conducted under in vitro conditions to assess the 
nematotoxic potential of water extracts of undecomposed and decomposed oil 
cakes of neem, castor, groundnut and mustard on the juvenile hatching of root-
knot nematode, Meloidogyne incognita. The oil cake extracts of all the test 
plants significantly inhibited the larval hatching of second stage juveniles, 
however the extracts of decomposed oil cakes were more effective and the 
inhibitory effect increased with the increasing concentration of the extracts 
(Table 49). 
The hatching was almost completely inhibited at S concentration of 
both decomposed as well as undecomposed oil cakes of all the test plants, the 
number of larvae hatched at S/2 concentration of decomposed oil cakes of 
neem, castor, groundnut and mustard were 7, 11, 19 and 22 respectively, 
whereas at the same concentration (S/2) of undecomposed oil cakes of the 
above treatments the corresponding figures were 11, 14, 24 and 30 respectively 
as compared to 420 in the distilled water control. The juvenile emergence 
increased further in the lower dilutions (S/10 and S/100) but the inhibition was 
more than 70.00% and 62.00% at S/100 concentration of decomposed and 
undecomposed oil cake of mustard (Table 49). 
4.17: Effect of water extracts of leaves of some selected plant species 
on the mortality of various plant-parasitic nematodes in vitro 
These studies were conducted under in vitro conditions to evaluate the 
antinemic action of leaf extracts of some selected plant species like neem 
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{Azadirachta indica), eucalyptus {Eucalyptus ritriodora), bakain/Persian lilac 
(Melia azedarach), castor (Ricinus communis), bottlebrush {Callistemon 
lanceolatus), marigold (Tagetes patuld), clerodendrum, Glory Bower genus 
(Clerodendrum inerme) and thuja/White cedar {Thuja orientalis), against 
various plant-parasitic nematodes abundantly found in the field soil. The results 
presented herein clearly indicate that the leaf extracts of all the test plants were 
found to be toxic to the plant-parasitic nematodes, however, to varying extent. 
The mortality of Tylenchorhynchus brassicae, Rotylenchulus reniformis, 
Tylenchus filiformis, Hoplolaimus indicus, Helicotylenchus indicus and 
Meloidogyne incognita (J2) increased with increasing concentrations of the leaf 
extracts and exposure period. There was a linear relationship between the 
concentration of the extracts and percent mortality of the nematodes (Figs. 7-
12). The detailed results with different nematodes are presented herein: 
Meloidogyne incognita (J2): 
The water extracts of the leaves of neem, bakain/Persian lilac, castor and 
marigold at S concentration brought about 100% mortality of the second stage 
juveniles oi Meloidogyne incognita after 48 hours of exposure period. At S and 
S/2 concentrations of neem leaf extract, the same results were obtained within 
24 and 48 hours respectively. At S/2 and S/10 concentration of the leaf extracts 
of neem, bakain/Persian lilac, marigold and castor the nematode mortality was 
more than 50% after 24 and 48 hours of exposure period respectively. In case 
of leaf extracts of eucalyptus, bottlebrush, clerodendrum and thuja, the 
nematode mortality w^ as more than 50% at S/2 concentration after 48 hours of 
exposure period. S/100 concentration of all the extracts was least toxic as the 
nematode mortality was less than 50% even after 48 hours of exposure period 
(Table 50, Fig. 7). 
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Tylenchorhynchus brassicae: 
Hundred percent nematode mortality was observed at 'S ' concentration of the 
leaf extracts of neem, bakain/Persian lilac and marigold after 48 hours of 
exppsure period, however, after 24 hours of exposure period at the same 
concentration of the leaf extracts of above plants more than 90% nematodes 
were killed. The percent mortality at S/2 concentration of leaf extracts of all the 
test plants after 48 hours of exposure period were 87.90%, 86.20%, 83.40%, 
72.10%, 57.80%, 56.20%, 55.30% and 50.70% in neem, bakain/Persian lilac, 
marigold, castor, eucalyptus, bottlebrush, clerodendrum and thuja respectively. 
At S/10 concentration of leaf extracts of neem, bakain/Persian lilac, castor and 
marigold, more than 50% of the nematodes were killed after 48 hours of 
exposure period. At S/100 concentration, after 48 hours of exposure period the 
percent mortality in the above treatments was 35.30%, .31.80%, 26.70%, 
25.40%, 23.80%, 19.80%, 17.10% and 16.50% respectively. However, at the 
same concentration (S/100), after 12 and 24 hours of exposure period, the kill 
in the nematode count was very less (Table 51, Fig. 8). 
Rotylencliulus reniformis: 
The leaf extracts of neem, bakain/Persian lilac, castor and marigold at S 
concentration brought about almost 100% nematode mortality after 24 and 48 
hours of exposure period. However, the nematode mortality was more than 
60% at 'S ' concentration of the leaf extracts of eucalyptus, bottlebrush, 
clerodendrum and thuja after 48 hours of exposure period. The extracts of 
neem leaves were very effective in killing the nematode and the nematode kill 
was slightly less than 50% even at S/100 concentration after 48 hours of 
exposure period. At S/2 concentration of the extracts of neem, bakain/Persian 
lilac, castor and marigold more than 50% nematode mortality was observed 
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after 12 hours of exposure and in eucalyptus, bottlebrush, clerodendrum and 
thuja after 48 hours. S/10 concentration of the extracts of neem, bakain/Persian 
lilac, castor and marigold killed more than 50% of nematodes after 48 hours of 
exposure period. Whereas S/100 concentration of the extracts was found to be 
least toxic, that could not kill 50% nematodes even aftef 48 hours of exposure, 
except neem (Table 52, Fig. 9). 
Tyl^nch us filiformis: 
All the nematodes were killed in S concentration of the leaf extracts of neem, 
bakain and marigold after 48 hours of exposure period and after 12 hours of 
exposure, more than 50% of the nematodes were killed. Lower concentration 
(S/2) of leaf extracts of neem, bakain/Persian lilac, castor and marigold brought 
about 74.40%, 66.0%, 53.50% and 64.40% nematode mortality respectively 
after 24 hours of exposure. At S/10 concentration the nematode mortality was 
about 50% in leaf extracts of neem, bakain/Persian lilac and castor after 48 
hours of exposure period. S/100 concentration of all the extracts showed least 
toxicity as the nematode kill was less than 50% even after 48 hours of exposure 
(Table 53, Fig. 10). 
Hoplolaimus indicus: 
The leaf extracts of neem and bakain/Persian lilac were found to be most toxic 
as they killed 100% nematodes after 48 hours of exposure at S concentration. 
The leaf extracts of neem, bakain/Persian lilac, castor, marigold, eucalyptus 
and bottlebrush brought about 50% mortality of nematodes within 24 hours at S 
concentration, and after 48 hours at S/2 concentration. At S/10 concentration 
more than 50% nematodes were killed only after 48 hours of exposure period 
in the leaf extracts of neem, bakain/Persian lilac and marigold. S/100 
concentration of all the extracts of the test plants was least toxic as the 
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nematode mortality was very low even after 48 hours of exposure period (Table 
54, Fig. 11). 
Helicotylenchus indicus:-
The leaf extract of neem was found to be very toxic as it killed all the 
nematodes after 48 hours of exposure at S concentration. However, the 
nematode mortality was about 93.80%, 82.40% and 78.40% in the leaf extract 
of bakain/Persian lilac, marigold and castor respectively at the same 
concentration and exposure. At S/2 concentration about 50% nematodes were 
killed in the extracts of neem and bakain/Persian lilac after 12 hours of 
exposure whereas this level of nematode mortality was observed at S/10 
concentration after 48 hours of exposure period. Moreover, the same level of 
nematode kill was noted at the same concentration in the leaf extract of 
marigold. S/100 concentration of all the extracts was found to be least 
nematotoxic that could not kill nematodes beyond 50% even after 48 hours of 
exposure (Table 55, Fig. 12). 
4.18: Effect of water soluble fractions (WSF) of undecomposed and 
decomposed oil cakes of neem, castor, groundnut and mustard 
on the mortality oiMeloidogyne incognita in vitro 
The present experiment was conducted under in vitro conditions to evaluate the 
nematotoxic potential of the water soluble fi-actions (WSF) of undecomposed 
and decomposed oil cakes of neem, castor, groundnut and mustard against root-
knot nematode, Meloidogyne incognita (Table 56). 
In decomposed extracts of neem cake, 100% nematode mortality was 
observed at S and S/2 concentrations after 48 hoiars of exposure period, 
however, 100% mortality was observed onlj' at S concentration in case of 
undecomposed extracts. In S, S/2 and S/10 concentrations more than 50% 
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nematodes were killed after 12, 24 and 48 hours of exposure respectively in 
both decomposed as well as undecomposed extracts. At S/100 concentration 
46.10% and 43.70 % nematodes were killed after 48 hours of exposure in 
decomposed and undecomposed extracts respectively. There was no nematode 
mortality observed in the distilled water (Control). 
Similar trend was also observed in case of water soluble fractions of 
both decomposed and undecomposed oil cakes of castor, where 100% 
nematode kill was observed at S concentration after 48 hours of exposure. The 
percent mortality at S/2, S/10 and S/100 concentartions after 48 hours of 
exposure was 86.50%, 62.60%, 38.70% and 79.50%, 55.80% and 32.10% in 
decomposed and undecomposed oil cakes respectively. Lowest mortality was 
observed in S/100 concentrations where the nematode kill was less than 50% 
even after 48 hours of exposure period. Similarly the water soluble fractions of 
both groundnut cake and mustard cake (decomposed and undecomposed) were 
also effective in killing the nematode, the decomposed cakes being more 
effective than undecomposed cakes and the nematode mortality was decreased 
with the decrease in the concentration of the extracts from S to S/100 (Table 
56). 
Thus it is clear from the above results that the water-soluble fractions of 
neem cake were more toxic than that of the other oil cakes. The mortality of the 
nematode increased with the increase in the concentration of the extracts and 
exposure period (Table 56). There was a linear relationship between the 
concentration of the water soluble fractions (WSF) and percent mortality of the 
nematode (Fig. 13). 
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India is basically an agriculture-based country, where agricultural technologies 
in practice are both traditional as well as modern. However, the former one 
being quite predominant. As far as the net output is concerned it is quite low to 
the advanced countries. The major constraints for the low productivity in food 
production of our crops are low rainfall, low fertilizer inputs, less availability 
of certified seeds, traditional agriculture systems in practice and the damage 
caused by different pests and pathogens including various plant-parasitic 
nematodes, where the root-knot nematodes {Meloidogyne spp.) occupy a 
paramount position. Their extensive host range, worldwide distribution and 
interaction (disease complexes) with bacteria, fungi and viruses make them 
potentially serious constraints and limiting factors to the crop produce. 
Majority of the plant species (particularly the members of Family Solanaceae 
and Cucurbitaceae) that account for the major world's food supply are 
susceptible to attack from one or the other species of root-knot nematodes 
which are capable of causing sustainable economic losses in the quantity and 
quality of the crops. Some of the major vegetable crops grown throughout the 
world such as potato, tomato, chilli, okra, brinjal etc. being short duration 
crops, can be cultivated in succession on the same plot. In India, like many 
other developed countries, the entire families of the vegetable growers work in 
their small fields throughout the year. The monoculture practice is largely 
responsible for the prevalence, predominance and severity of root-knot diseases 
of these commercially important crops. 
The extents of crop losses caused by the infestation of various plant-
parasitic nematodes have been interpreted by several workers in economic 
terms. Previously it was Sasser and Freckman (1987), who reported a loss of 
more than US $100 billion per annum due to nematodes. Recently, Chitwood 
(2003) reported that nematode pests cause significant crop damage with annual 
losses estimated at US $125 billion worldwide. This adverse situation faced by 
the farmers worldwide certainly justifies the adoption of proper management 
practices for nematode control. The efficient and most promising management 
of these unseen enemies of the farmers requires the carefully integrated 
combination of several methods and strategies and chemical control being one 
of them. However, the various setbacks of the use of these nematicidal 
chemicals like higher cost, reinfestation of the soil after harvest, contamination 
of groundwater and residues in fruits and vegetables etc. have put a serious 
question mark on their reliance for future utilization. Infact many of these 
chemicals still have great relevance particularly in integrated pest management 
(IPM) programme. A great deal of research has been carried out on nematode 
control which focus on either the elimination of the nematode pests or reducing 
the nematode numbers to levels below the damage threshold where the damage 
caused by them is of negligible economic value. For the effective management 
of plant-parasitic nematodes, the critical steps involved are i) the accurate 
diagnosis and ii) proper selection of the most effective control method. 
The Indian farmers are mostly illiterate and commonly believe in the 
traditional agricultural practices and hence do not readily accept the use of 
modern technologies like the use of resistant cultivars and nematicidal 
chemicals etc. to combat nematode menace. The main hurdles in the use of 
nematicides are that they are very expensive, not sustainable and affect the agro 
ecosystem adversely besides having inherent difficulties in their handling 
(Noling and Becker, 1994; Jesse and Jada, 2004). Keeping these facts in view, 
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rese'archers all over the world have diverted their attention to standardize the 
methods of bio-management of plant-parasitic nematodes. The addition of 
many organic soil amendments particularly those with high nitrogen contents, 
may be effective alternative control of root-knot nematode, Meloidogyne spp. 
and other plant-parasitic nematodes (Rodriguez-Kabana, 1986). The use of 
organic wastes, which are available in plenty particularly in the developing 
countries, for nematode control provides a new channel for their safe disposal. 
Mannion et al. (1994) suggested that despite of some inconsistencies in 
performance, municipal solid waste amendments may be suppressive to the 
root-knot nematode, Meloidogyne incognita. In Spain municipal compost 
residues had some activity against M javanica (MaruU et al, 1997) and raw 
sewage sludge affected Meloidogyne incognita in green house tests in 
Guadeloupe (Castagnone-Sereno and Kermarrec, 1991). 
One of the cheapest and effective methods of altering the soil 
environment is its amendment with decomposable organic matter, which is 
considered as one of the methods of biological control of plant diseases. The 
materials used for soil amendment include dry or green crop residues, oil cakes 
and'other organic wastes. These materials are allowed to decompose in the 
field itself where the target pathogens are supposed to be present. However, the 
efficacy of an organic amendment against plant-parasitic nematodes depends 
on many different factors including the nematode species present (McSorley 
and Gallaher, 1996), the chemical composition of the amendment (Mojtahedi et 
al, 1993) including its C:N ratio (Ritzinger and McSorley, 1998), the length of 
time since application (McSorley and Gallaher, 1996), the other organisms 
present in the soil environment including those which feed on nematodes 
(Stirling, 1991), as well as other environmental factors and agricultural 
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practices. Therefore, it is extremely difficult to anticipate or generalize about 
the performance of specific organic amendments. However, organic materials 
with C:N ratios less than 20:1 have higher degradation rates and often 
nematicidal activities (McSorley and Gallaher, 1995a, b). The high 
decomposition rates have been associated with increased numbers of nematode 
antagonists and the release of nutrient elements (Muller and Gooch, 1982; 
Stirling, 1991). 
Organic amendments are a source of plant nutrients which may improve 
plant performance and complicate the interpretation of nematode management 
experiments. The compost amendments and the fertilizer applications used, 
increased soil organic matter, pH and soil nutrient levels (McSorley and 
Gallaher 1997). The organic amendments also increase the water holding 
capacity of sandy soils (McSorley and Gallaher, 1995a). Further the various 
chemicals released during decomposition of organic amendments such as, 
phenols etc., may induce disease resistance in the roots of host plants. 
In the current study, during a series of various in vitro and field 
experiments, the efficacy of different organic amendments viz., oil cakes of 
nee^ m, castor, mustard, groundnut and leaves of different plant species alone 
and in combination with different nematicides, were evaluated against some of 
the potent and most commonly occurring plant-parasitic nematodes. The neem 
tree. {Azadirachta indica A. Juss., Family Meliaceae) has become a topic of 
active scientific research in the last three decades in the West, although it is 
known in Asia for centuries. In India it is regarded as a miraculous tree. It has a 
variety of biologically active ingredients that have different modes of action. 
Considerable research covers uses of neem tree, as well as its effects on 
organisms such as insects, viruses, bacteria, fungi, protozoa, vertebrates and 
nematodes (Saxena, 1989; Schmutterer, 1990). The presence of azadirachtins, 
phenols, and tannins at certain concentrations in neem products has effects on 
nematode mortality (Alam et al., 1979). The decomposition products of neem 
include organic chemicals that curb nematode populations. The mature seeds of 
neem synthesize more metabolic substances like azadirachtins and other 
closely related metabolites - vepaol, isovepaol and nimbidin. Such synthesized 
metabolites in mature seeds of neem accumulate in more concentrated form 
and are likely to be more lethal to the plant pathogen including nematodes 
allowing better plant growth. It is generally accepted that the 
tetranotriterpenoid azadirachtin is responsible for the majority of the biological 
effects observed in insects exposed to neem compounds and that one key 
function of azadirachtin is its impact on the insect hormonal system. 
Azadirachtin inhibits the release of prothoracicotropic hormones, allatotropins 
and allatoinhins and this is of special relevance for immature development of 
insect pests (Rembold, 2002). The bioactive principles in crude extracts of 
neem seed have also been reported to inhibit the penetration, hatchability and 
development of nematodes (Mojumder, 1995). Castor {Riciniis communis L., 
Family Asteraceae) is grown for its invaluable oil that is used in industry as 
well as in medicine. The leaves of both these plants are not used for cattle feed 
or for any other purpose and therefore the fallen leaves usually go as wastes. 
Their seed cakes are non-edible, hence usually used as manures. Soil 
amendment with different plant parts/products of neem and castor besides 
providing nutrients to the soil, does not pose any pollution or toxic hazards to 
the ,soil environment. Recently extensive work has been carried out with 
respect to their insecticidal/nematicidal properties for the management of 
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various plant-parasitic nematodes but most researches are still inconclusive and 
need further investigation. 
During the current study, three broad aspects were assessed for the 
management of various plant-parasitic nematodes: organic soil amendments, 
mixed-cropping practices with various antagonistic crops, and integrated 
nematode management. Cost effective bare-root dip treatment with various 
plant parts/products and a newer approach of urea coating with 'Nimin' and a 
commercial neem based product, neem-gold, have also been attempted. The 
three test plants used herein (viz., tomato, chilli and okra) are most widely used 
vegetables and the antagonistic crops (viz., berseem, kasni and rizka) represent 
important fodder crops. The results obtained from different in vitro and field 
experiments conducted during the present study are discussed here under. 
Rizka/luceme, alfalfa (Medicago sativa), berseem/Egyptian clover 
(Trifolium alexandrinum) and kasni/chicory (Cichorium intybus) are the three 
important and major fodder crops cultivated throughout the Northern India and 
used as cattle feed for dairy animals. Berseem and rizka being members of 
Family Leguminosae, also aids in the biological nitrogen fixation. However, 
various plant-parasitic nematodes are supposed to be the limiting factors in 
their production. Kasni/chicory, a member of Family Asteraceae, considered to 
be at weed until recently, has now been considered and is gaining importance as 
a fodder crop. When grown intermixed with berseem and rizka, the results 
obtained are often more beneficial, however, preliminary studies revealed that 
the fields having kasni as a sole crop or intermixed with other different crops, 
harboured low population of different plant-parasitic nematodes. Keeping in 
view the importance of above mentioned fodder crops, a thorough study was 
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undertaken under field conditions naturally infested with different plant-
parasitic nematodes, to evaluate the mixed-cropping practice of kasni with 
berseem and rizka against these plant pathogens. 
The results obtained from the current study revealed that the populations 
of Meloidogyne incognita, Tylenchorhynchus brassicae, Rotylenchulus 
reniformis and Hoplolaimus indicus multiplied freely on berseem in both 
norrhal and deep ploughed fields, showing that this crop is a good host for 
these nematode species, whereas Helicotylenchus indicus reproduced only 
slightly and Tylenchus filiformis was not supported by the crop and deep 
ploughed field being more suppressive. Rizka appears to be a good host for M. 
incognita, T. brassicae and Hoplolaimus indicus, whereas it can be regarded as 
a poor host for Helicotylenchus indicus and R. reniformis and a non-host for T. 
filiformis. In case of kasni the multiplication rate of all the nematodes was 
greatly reduced in both normal as well as deep ploughed beds, however, M 
incojgnita showed a little bit of firee multiplication. The nematode suppressant 
effects of kasni were also noted even when it was grown as a mixed crop with 
other two fodder crops viz., berseem and rizka, under both deep as well as 
normal ploughed fields, indicating the antagonistic nature of this crop towards 
various plant-parasitic nematodes. 
Kasni/chicory is a member of Family Compositae (Asteraceae). Gommers 
(1973) observed several nematicidal principles while he was surveying the 
various members of Asteraceae for locating nematicidal factors present if any. 
However, much work has been carried out on the antagonistic nature of 
marigold {Tagetes spp.), which is an important member of Asteraceae. The first 
report of the resistance of marigolds to nematodes was by Goff (1936), who 
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noted that the French marigolds {Tagetes patula) and African types {T. erecta) 
were two of seven plant species devoid of root-knot nematode {Meloidogyne 
spp.) infection during trails of 80 different ornamental annuals. Since then 
many researchers have reported that the cultivation of marigold as a cover crop, 
rotation crop, green manure, or source of nematode-antagonistic extracts, 
significantly suppressed the population build-up of many noxious nematode 
species (Slootweg, 1956; Hackney and Dickerson, 1915). Reynolds et al. 
(2000) reported that the rotations of Tagetes patula or T. erecta in fields can 
provide economic control of Pratylenchus penetrans on tobacco (Nicotiana 
tabacum) for two successive years. Wallace (1963) suggested that the effects of 
marigold manifest in the soil apparently by release of the nematicidal 
chemicals from the roots. Several workers reported that the decrease in the 
nematode population by intercropping marigold with many other plant species, 
may be attributed to the toxic root-exudates like a-terthienyl produced by 
marigold which also acts like trap crop (Kyo et al, 1990; Yen et al, 1998; 
Dhanger et al, 2002; Uma Shankar et al, 2005). Sundararaju (2005) suggested 
the possible use of marigold {Tagetes erecta) as an intercrop in banana field to 
enhance the production and productivity of banana as well as for the control of 
plant-parasitic nematodes. However, the reports about the possible use of kasni 
as an antagonistic crop as well as its use in the mixed-cropping sequences for 
the suppression of plant-parasitic nematodes are lacking in the literature. In all 
the possibilities, the nematicidal chemicals of kasni are released along with its 
root-exudates as has been shown in case of marigold (Alam et al., 1975). 
The perusal of the results indicated that there was significant reduction 
in various species of plant-parasitic nematodes in both normal as well as deep 
ploughed fields, however, the deep ploughing was more effective. The results 
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were in confirmation with those obtained by various other workers (Jain and 
Bhatti, 1985; Mathur et al., 1991; Siddiqui, 2003; Anver, 2006) who reported 
that depth of ploughing played an important role in reducing the population of 
plant-parasitic nematodes as the nematodes are exposed to solar heat. Mathur et 
al. (1987) observed that 1-5 deep summer ploughing in May-June resulted in 
reduction in population of cereal cyst nematodes and increased yield of wheat 
crops. Most probably the deep ploughing disturbs the ecological set up of 
nematodes and exposes the lower strata of soil containing a large number of 
nematodes which are exposed to the external unfavourable environmental 
factors like solar heat and desiccation, thus adversely affecting the nematode 
populations (Khan and Saxena, 1980; Lopez-Fando and Bello, 1995). 
The nematode control efficiency of growing kasni with berseem and 
rizka was greatly enhanced when the different plots were treated with oil cakes 
of neem, castor and groundnut and chopped leaves of neem and castor and two 
nematicides, carbofuran and phorate. The combined application of the 
nematicides with inorganic fertilizer was found to be most effective. The other 
treatments were effective in the order of efficiency as neem cake, castor cake, 
groundnut cake, neem leaves, castor leaves, inorganic fertilizer and compost 
respectively. The results obtained here with respect to the efficiency of oilcakes 
are in conformity with those obtained by several other workers (Anver and 
Alam. 2000; Gopinatha et al, 2002; Srivastava, 2002; Pathak and Keshari, 
2003; Ravindra et al, 2003; Hussain and Bora, 2006). The action of organic 
amendments showing increased frequency is attributed to increased microbial 
activity in the soil. The microbial activity in the amended soil may lead to 
release of a wide variety of chemically different substances, which may be 
directly toxic to phytonematodes. Orion et al. (1980) pointed out that higher 
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concentration of ammonia liberated out during the decomposition of organic 
additives inhibited the formation of syncytium which is essential for 
development of nematode, since syncytium is the feeding site for the nematode. 
In the present experiments, beneficial effects of oil cakes and other organic 
amendments persisted for longer duration as they remained effective against 
plant-parasitic nematodes even in the subsequent crop, when a highly 
susceptible crop tomato cv. 'K-25'was grown in the same plots which only 
received the normal and deep ploughing treatment as in the preceding crops. In 
the present investigation though initially the oil cakes did not give good 
response, their performance was significantly enhanced during the later phase 
of the plant growth when the residual effect of these organic amendments was 
observed on tomato cv. 'K-25'plants. This could be due the delay in 
nitrification (release of nitrogen from oil cakes), while during the earlier phase 
of plant growth, when the nitrification was not complete, partial decomposition 
may have released excess amount of fatty acids and aldehydes which are 
considered not favourable for plant growth and may also cause phytotoxicity 
(Singh and Sitaramaiah, 1973). The longer persisting nematicidal effects of 
different oil cakes seems to be because of the fact that these oil cakes are made 
up of complex organic substances which decompose rather slowly (Daji and 
Iyengar, 1971), and thus release nematotoxic-substances for longer durations. 
The least proliferation of nematodes in the plots treated with neem cake may be 
due to liberation of ammonia (Khan et al., 191 A) and phenols, aldehydes, 
amino acids and fatty acids (Reddy et al., 1997) during decomposition which 
are detrimental for the nematode development. Apart from this, neem cake 
itself contained formaldehyde (0.25%), which may be another factor 
responsible for nematode control (Sitaramaiah and Singh, 1978). The 
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decomposition of neem leaves leads to the increase of compost temperature 
that might enhance the growth of thermophilic microorganisms and 
actinomycetes. Neem leaves also release allelochemicals like limonoids, 
nimbidic acid, meliacin etc. which are directly toxic to nematodes (Grewal, 
1989). 
The different nematode management strategies including different 
chemical, regulatory, physical and biological practices have their own 
limitations, though to varying extent. Oostenbrink (1972) pointed out that there 
is a scope of combining different control methods in a complementary manner. 
Thomson et al. (1983) suggested that integrated pest management (IPM) would 
be the best strategy for nematode management. The IPM is the philosophy of 
using our growing knowledge of pest biology and ecology to prevent pests 
from causing economic damage. It involves two components i) collecting 
samples to establish the pattern of pest distribution in a field, determining 
levels of both the pest and its natural enemies and ii) using a number of control 
practices in a compatible manner to maintain pest populations at acceptable 
levels. In more economically developed countries like Germany, USA, UK etc. 
spray treatments with commercial neem formulations are commonly used in 
IPM, especially in protected cultivation of vegetables and ornamental plants 
(Isman, 1997; Immaraju, 1998; Stadler and Staucke, 2002). In India also 
various integrated nematode management strategies studies have been 
attempted (Krishnappa and Reddy, 1993; Goswami and Mishra, 1994; Sarmah, 
1995; Subhadra et al., 1998; Das and Sinha, 2005; Nageshwari and Mishra, 
2005; Pandey et al, 2005; Shreenivasa et al, 2005). The mixed-
cropping/intercropping in combination with different biological and chemical 
treatments, is an integrated approach which is found to be highly promising and 
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beneficial not only in controlling the nematode assault but also for 
improvement of crop yields (Somasekhar and Mehta, 1998; Haider et al., 
2001b). 
The mechanism(s) of action of organic soil amendments leading to the 
control of various plant diseases caused by various plant pathogens including 
plant-parasitic nematodes is not fully understood. The complex nature and 
structure of soil and soil environment makes it difficult to assess the possible 
course of activities occurring in the soil and probably the disease control in the 
amended soil is result of multiple factors and mechanisms occurring in the soil 
which may affect/reduce the disease severity through their effect on soil, host 
and the pathogen. The modification of physical, chemical and biotic 
environment of soil through decomposable organic matter has been found to 
influence the incidence of many plant diseases. The various cultural practices 
like soil solarization, flooding, ploughing etc., employed in combination with 
biological control, encourage the development of such microorganisms in the 
soil which either destroy or suppress pathogen through antagonism (antibiosis, 
competition, parasitism and predation etc.). The metabolites of these organisms 
or decomposition products of organic matter attached by them may induce 
physiological resistance in the plant. 
Many theories have been put forth by different workers from time to 
time to explain the possible mechanism of action of nematode control by the 
application of various oil cakes amended with soil and so far various oil-seed 
cakes have shown great promise in the nematode management strategies 
(Siddiqui and Alam, 1997; Kumar and Khanna, 2006). Alam et al. (1979) and 
Alam (1990) reported that the oil-seed cakes undergo decomposition after 
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irrigation and release many compounds liice phenols, aldehydes, and different 
gases including ammonia. Under in vitro conditions all these chemicals were 
found highly effective in killing plant-parasitic nematodes (Alam et al., 1982), 
organic oils (Miller, 1979), neem chemicals (Dash and Padhi, 1990; Siddiqui 
and Alam, 1990; Akhtar and Mahmood, 1997) and organic nitrogen in the form 
of activated sludge were found highly deleterious to plant-parasitic nematodes. 
In case of oil cake amended soil, the microbial activity in the soil leads to 
release of a wide variety of chemically different substances which may be 
directly toxic to the nematodes or reduce the capacity of nematodes to penetrate 
the root system of the host plants, thereby reducing the inoculum density or 
inoculum capacity. The decomposing oil cakes may reduce the proneness of the 
hosfs by loss of attraction or change in root physiology under the influence of 
various organic acids and other chemicals released during decomposition. The 
efficacy of neem cake over other oil cakes (castor, groundnut and mustard), 
could be attributed to the nature and amount of different chemicals released as 
they vary with the type of oil cakes, besides the prevailing microenvironment. 
Among the several chemical constituents present in neem kernels, the 
limonoids which are compounds belonging to B-furano-triterpenoids alone 
have been found to be nematotoxic. The water extracts of various oil cakes viz., 
neem, castor, groundnut, mustard, mahau etc., have been found to be toxic to a 
variety of plant-parasitic nematodes (Siataramaiah and Singh, 1977; Hussain et 
al., 1992). They also inhibit juvenile hatching probably because they contain 
varying amounts of phenols, aldehydes, fattyacids and some other chemicals of 
unknown composition (Mishra et al., 1989; Singh et al., 2001). Alam et al. 
(1982) reported that the water soluble fractions of various oil cakes became 
progressively more toxic to nematodes and inhibitory to larval hatching of the 
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root-knot nematode during course of decomposition. They proposed that more 
toxic principles are liberated during decomposition of oil cakes and form 
solutions in water and occupy the soil pore spaces where most of the 
populations of noxious nematode species occur and thus bring out significant 
reductions in the inoculum density and keep the nematode populations below 
the economic threshold levels. It has also been reported that because of the high 
solubility of the oil cakes their toxic fractions can reach into the soil much 
beyond the rhizosphere region of plants and there they kill or reduce the 
mobility of nematodes which are let\ in the field from the preceding crop and 
therefore like other nematicidal chemicals, these oil cakes also play a 
preventive role. Bhatnagar and Goswami (1987) found a significant 
improvement of plant growth after neem cake treatment when compared to the 
synthetic nematicide, aldicarb. 
The decomposition of oil cakes in the soil takes place due to the 
increased activity of soil microorganisms including bacteria, fungi, algae etc., 
whose microbial activity is stimulated due to the addition of organic matter to 
the soil (Sayre, 1980; Rodriguez-Kabana et al, 1987), The metabolites of these 
microbes have also shown varying degree of toxicity towards different 
nematodes. Various bio-control agents including different species of fungi like 
Trichoderma viridae, T. harzianum, Paecilomyces lilacinus. Glomus 
fasciculatum, G. mosseae, Fusarium oxysporium, F. solani etc. either alone or 
in combination with other organic amendments, have been found to be highly 
deleterious to plant-parasitic nematodes (Goswami, 1993; Rao et al, 1997; 
Fazal et al, 1998; Devi and Sharma, 2002; Goswami and Singh, 2004; Verma 
et al, 2005). These fungi are known to produce toxins and antibodies, 
malformin, hedacidine, lilacin, leucinostatin, gliotoxin, viridin etc. Recently 
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Kantharaju et al. (2005) reported that the effective indigenous isolates of 
Glomus fasciculatum might have colonized faster than indigenous virulent 
isolates from root-knot nematode, Meloidogyne incognita and resulted in 
increasing the biochemicals imparting resistance and reduced the nematode 
development and reproduction (Singh et al., 1990; Kantharaju et al., 2002; 
Borah and Phukan, 2006). There are several reports about bacteria acting as 
potent bio-control agents by producing various nematicidal metabolites. 
Johnson (1959) reported toxicity of culture filtrates of Clostridium butyricum 
containing formic, acetic, propionic and butyric acids to reduce populations of 
Tylenchorhynchus martini. So far several mechanisms have been suggested by 
vari'ous scientists which are attributed to the suppression of phytonematodes by 
endophytic bacteria {Bacillus subtilis) which include systemic resistance due to 
enhanced activity of defense enzymes like peroxidase, polyphenol oxidase and 
phenylalanine ammonia lyase (PAL), production of antagonistic compounds 
and alteration of specific root exudates such as polysaccharides and aminoacids 
(Hallman et al, 1997; Kloepper et al, 1999; Jonathan and Umamaheshwari, 
2006). The oxidative enzymes play a vital role in plant resistance to biotic 
stress. They are considered to be scavengers of hydrogen peroxide and 
involved in several plant defense responses including lignification, cross 
linking of cell wall proteins, wound healing and production of antimicrobial 
radicals (Lamb and Dixon, 1997). Peroxidase is a key enzyme in the 
biosynthesis of lignin (Bruce and West, 1989). Phenylalanine ammonia lyase is 
the first enzyme in phenyl propanoid metabolism and in the production of 
phenolics and phytoalexins that prevent establishment of pathogen (Daayf et 
al, 1997). These enzymes play a major role in the induction of systemic 
resistance in plants against phytoparasitic nematodes. Viswanathan and 
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Samiyappan (1999) reported that fluorescent pseudomonads promoting plant 
growth and possessing antagonistic activity would certainly be promising bio-
control agents. The increase in the plant growth might be associated with 
secretion of auxins, gibberellins and cytokinins (Ramamoorthy et al, 2001). 
Reduction in the nematode population in roots might be due to premature egg 
hatching and reduction in viability and mobility of juveniles induced by 
secondary metabolites such as 2,4-diacetyl phloroglucinol (PHL) and lytic 
enzymes produced by Pseudomonas fluorescens (Elsherif and Grossman, 1996; 
Dunne et al, 1998). A new group of macro-cyclic lactones, called avermectins, 
have been reported to possess excellent nematicidal and insecticidal properties 
(Ostlind et al, 1981; Stapley and Woodruff, 1982). These metabolites are 
produced by Streptomyces avermitilis, which is commonly occurring soil borne 
actinomycete. The crude avermectin isobted from Streptomyces avermitilis had 
some nematicidal principle, which could induce larval mortality, prevent egg 
hatching and inhibit larval penetration thus hindering the process of host-
parasite relationship and resulted in low nematode disease incidence (Jansson 
and Rabatin, 1998; Chubachi et al., 1999; Jayakumar et al., 2005). 
The organic additives release nutrients, which accelerate rapid root 
development and overall plant growth thus helping the plants to escape 
nematode attack. This theory has been substantiated by the results obtained 
from various pot experiments where the organic amendments have improved 
the plant length and plant weight by several folds. 
The two systemic nematicides, carbofuran (3G) and phorate (lOG) were 
also included in the present study for comparing the efficacy of various organic 
amendments particularly that of oil cakes and it was observed that the test oil 
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cakes were in no way inferior to tlie nematicides. These nematicides could have 
protected the plants by killing the nematodes in soil before their invasion in 
roots by control action or by accumulating in the roots as metabolites and 
killing the larvae which gained access inside the root system. The resuhs 
obtained here suggest that the application of a specific organic amendment 
could be exploited to keep densities of nematodes at a safe threshold level, 
where they may not cause any harm to the economically important crops. 
The principle underlying the efficacy of organic amendments is that the 
decomposable organic matter should be allowed to decompose in the field in 
such a way and for a particular period of time, so that the process of 
decomposition and its associated activities suppress or destroy the pathogen 
and that it should not interfere with normal cultural practices and after planting 
the crop, there is no harmful effect on the plants. Simultaneously, the disease 
susceptibility of the plants is also reduced. Since decomposition products of 
some of the organic matter may harm plant roots, such treatments should be 
applied before planting the crops, hence a waiting period is necessary. 
The plants are important sources of many naturally occurring 
phytochemicals antagonistic towards plant-parasitic nematodes and other plant 
pests. Higher plants have yielded a large number of active compounds, 
including alkaloids, cyanogenic glycosides, terpenoids, diterpenoids, 
triterpenoids, lipids, fattyacids, steroids, polyacetylenes, quassinoids, 
glucosinolates, isothiocynates, flavonoids, siniple and complex phenolics, and 
several other classes (Blum, 1996; Chitwood, 2002). However, the agricultural 
utilization of these phytochemicals although currently uneconomic in many 
situations, offers tremendous potential in combating the menace caused by 
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different plant-parasitic nematodes and otiier plant pathogens. Therefore, a 
study was conducted to evaluate the nematicidal efficacy of chopped leaves of 
eight plant species viz., Azadirachta indica, Eucalyptus citriodora, Melia 
azedarach, Ricinus communis, Callistemon lanceolatus, Tagetes patula, 
Clerodendrum inerme and Thuja orientalis under glass house conditions, using 
two potential doses (50 and 100 g/pot). All the treatments significantly reduced 
the population of various plant-parasitic nematodes under test and the root-knot 
development of Meloidogyne incognita resulting in corresponding increase in 
plant growth of tomato, chilli and okra. The higher doses were found to be 
comparatively more effective and the highest reduction in nematode 
populations as well as root-knot development, and increase in plant growth was 
found in pots treated with A. indica. The effectiveness of different treatments 
varied from nematode to nematode. The reduction in the nematode 
development and enhancement in plant growth characters did not differ much 
between the plants treated with Thuja orientalis and untreated control, 
demonstrating a lack of phytotoxicity and a lack of fertilizer effect in the test 
crops at applied rates. Here the different plant species differed with respect to 
nematicidal activity suggesting that these plant species possess nematicidal 
principle (s) that varied qualitatively and quantitatively. Since the plant extracts 
that showed nematicidal activity, were prepared in water, the active compound 
(s) seems to be polar in nature. However, whether the inhibition of egg hatch 
and the nematicidal activity found here was due to a single compound or a 
number of compounds cannot be stated with certainty and further investigations 
are needed in this regard. Nevertheless, some similar results have been reported 
by several other workers about the effectiveness of A. indica (Akhtar et al.. 
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1990; Salawu, 1992; Akhtar, 1998), R. communis (Zaki and Bhatti, 1990), T. 
patula (Walia and Gupta, 1997) etc. 
The leaf extracts of the above mentioned plants also showed high 
nematicidal potential in vitro, highest being with A. indica and lowest with T. 
orientalis, thereby supporting the above results. Similar results have also been 
reported by other workers with respect to A. indica (Mukhtar et al., 1994; Aziz 
et al., 1995a; Jain et al., 1998; Singh and Dabur, 2004; Rajendran and Saritha, 
2005). Neem {Azadirachta indica) is known to contain 34 different chemicals 
belonging to diterpenoid, triterpenoid and flavonoid groups (Rao and Parmar, 
1984). Some companies have started to market several neem-based insecticides 
with different trade names as Limonol, Neemark, Neemgourd, Nimbicidin, 
Wellgro, Agricef, Neoconeem, 'Nimin', Suneem, Neemgold, Achook and 
Jawan. These products have been used by incorporating into the soil, seedling 
root-dips and seed treatments. The application ot such products with or without 
urea in agricultural soil, exhibited highly effective suppression of plant-
parqsitic nematodes, whereas populations of non-target nematodes such as the 
predatory nematode Monochus aquaticus Coetzee. were not significantly 
affected (Akhtar, 1999a, b). Neem oil and Nimin (containing neem triterpenes) 
as urea coating agents, and root-dip or seed treatment with neem extracts, have 
also been found to be nematicidal against species of parasitic nematodes in 
vegetables. However, soil amendment with neem seems to be most practical 
method for nematode control (Alam, 1993). The wide range of pesticidal 
actions: nematicidal, antifeedant, repellant, growth disruption, juvenile toxicant 
and ovicidal potentials of neem parts/products could be linked to the multiple 
active compounds of the plant, the most active ingredients being the 
azadirachtins. Azadirachtins find application in neem-based pesticide 
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formulations which are safe, biodegradable and manageable by the farmers and 
environmental friendly, unlike synthetic pesticides some of which leave 
residues polluting air, water and soil. Similarly, nematicidal properties were 
also reported in the leaf and seed extracts of Melia azedarach (Lee, 1987; Ram 
and Baheti, 2003). 
Thus from the series of these in vitro and in vivo experiments it may be 
concluded that the soil amendment with various plant species reduced the 
nematode population densities and nematode reproductive potential in tomato, 
chilli and okra, compared to the controls. These differences with reference to 
control could either be due to the changed nutrient status of the soil following 
amondments with plant material or because of the allelochemicals that were 
added to the soil either directly through the plant material or through their 
products of microbial degradation. 
Urea is the major source of nitrogenous fertilizer in India. It is estimated 
that out of the total quantity of urea applied to crops, 50-70% is lost in various 
forms, thereby reducing the availability of nitrogen to the crop. Urea blended 
with neem cake as well as with deoiled neem seeds and used as manure 
increased yields of rice, sugarcane, cabbage, cauliflower, etc. (Siddiqui et aL, 
1976). The Indian farmers have an age-old practice of blending neem cake with 
urea. The scientific explanation of this traditional practice is that neem seed 
contains chemicals called triterpenes, which have specific bacteriostatic 
properties. These chemicals retard the activity of 'nitrifying bacteria' which 
helps in regulating the nitrogen supply to crops at different stages of their 
growth. Urea is hydrolyzed by urease present in the soil and then nitrogen, in 
the form of urea amide which is rapidly converted into ammonical nitrogen and 
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subsequently to nitrates and nitrites. This form of nitrogen, besides being 
absorbed by plants, is also rapidly lost from the soil due to leaching, run-off, 
volatilization and denitrification. When neem products are mixed with urea and 
incorporated into the soil, the triterpenes retard the growth and multiplication 
of nitrifying bacteria resulting in delayed transformation of ammonical nitrogen 
into nitrate nitrogen (Akhtar and Alam, 1993a). 
Recently, Godrej Agrovet Ltd., India has launched a neem-based 
commercial product 'Nimin' and has recommended it for urea coating to 
prevent loss of nitrogen by leaching. During present study, it was found that the 
recommended dose of 'Nimin' is additionally beneficial for the control of 
plant-parasitic nematodes occurring in naturally infested soils, including root-
knot nematode, Meloidogyne incognita on tomato, chilli and okra. The 
nematode controlling efficiency of 'Nimin' and neem-gold is understandable 
because neem is already known to be rich in nematode toxic azadirachtin and 
other compounds. The improved plant growth is partly due to the availability of 
nitrogen from urea in the presence of neem products. The results presented 
herein were in confirmation with those reported by various other workers 
(Wani and Alam, 1999; Mojumder et al., 2004). 
The bare-root dip treatment of plant seedlings (tomato and chilli), both 
pre-infected and post-infected with Meloidogyne incognita, with extracts of 
neem and castor and a nematicide (carbofliran), provided protection against 
root-knot disease. Thus the extracts exhibited prophylactic and therapeutic 
effects against the nematode on tomato and chilli plants (Akhtar and Mahmood, 
1994, Aziz et al., 1995b). Inhibition of root-knot development was greater in 
pre-infected seedlings compared with those inoculated with the nematode after 
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root-dip treatment. This indicates that the chemicals absorbed by the roots have 
directly acted against the nematode present in the roots, whereas, when the 
inoculation was made after dip treatment, the potentiality of chemicals might 
have reduced to some extent by the time the nematodes had established an 
effective host-parasite relationship. The present findings also indicate that the 
water extracts of these organic amendments particularly that of oil cakes, 
rendered the roots of susceptible plants highly unfavourable to Meloidogyne 
incognita. Siddiqui and Alam (1988) concluded that leaf extracts tested 
induced some resistance in tomato and eggplant against M incognita and R. 
rentformis. The poor root-knot development could be attributed to poor 
penetration and later retardation of feeding and/or reproduction of the second 
stage juveniles. Similar results were also reported by some other workers (Vats 
and Nandal, 1995; Tariq and Siddiqui, 2005). 
The reduction in nematode population from these treatments was 
attributed to leached chemicals, either coating the seeds or being absorbed by 
the roots during bare-root dip into the rhizosphere which repelled or killed 
juveniles that attacked the host root. 
These findings with respect to the protective action and the direct 
toxicity of these organic amendments (neem and castor) would go a long way 
to help in developing some potential and promising plant based nematicidal 
products. 
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SUMMARY 
The present investigation was carried out to envisage the results of various 
experiments performed under field and glasshouse conditions to evaluate the 
efficacy of different organic amendments applied either alone or in 
combinations with either of the two nematicides (Carbofuran/Furadan- 3G and 
Phorate/Thimet 10-G) against plant-parasitic nematodes attacking tomato cv. 
'K-25', chilli cv. 'Pusa Jawala' and okra cv. 'Saimla'. The organic additives 
which included various plant parts and plant products like 'Nimin' (a neem 
based triterpene rich product of Godrej Soaps Ltd.), neem-gold (a neem based 
formulation of Khadeshwar Oil Mills Ltd.) and oils of neem, castor, groundnut 
and mustard were used as urea coating agents for controlling some potential 
and important plant-parasitic nematodes. Water extracts of leaves of some 
selected plant species and oil cakes were tested for their antinemic properties in 
vitro. These extracts were also tested as bare-root dip treatment for determining 
their systemic activity against these plant-parasitic nematodes. 
The nematode controlling efficacy of some antagonistic crops was also 
evaluated under field conditions by growing them intermixed with nematode-
susceptible crops. The interculture of antagonistic crops was further aided with 
the application of various organic amendments in order to achieve an integrated 
approach of nematode management. The water soluble fractions of various 
plant leaves and oil cakes were tested against the larval hatching, penetration 
and nematode mortality in vitro. Summary of the various results of above 
experiments is as follows: 
Egyptian clover/Berseem {Trifolium alexandrinum) and Luceme/Rizka, 
alfalfa {Medicago sativd) are two most important fodder crops cultivated for 
dairy animals throughout the Northern India. However, most oftenly another 
fodder crop, Chicory/Kasni {Cichorium intybus) is also grown intermixed with 
these crops. It was observed from the preliminary studies that fields having 
kasni singly or intermixed with the other two fodder crops harboured low 
populations of plant-parasitic nematodes. Hence a thorough study was 
undertaken to evaluate the practice of mixed-cropping of these fodder crops 
against the population of various plant-parasitic nematodes under normal as 
well as deep ploughed fields. It was observed that the populations of 
Meloidogyne incognita, Tylenchorhynchus brassicae, Rotylenchulm reniformis 
and Hoplolaimus indicus multiplied freely in both normal as well as deep 
ploughed fields, indicating berseem to be a good-host for these nematodes, 
however, Tylenchus filiformis did not support the crop. Similairly rizka 
appeared to be a good-host for M incognita, T. brassicae and Hoplolaimus 
indicus in both normal and deep ploughed fields whereas it can be regarded as 
a poor-host for Helicotylenchus indicus and a non-host for T. filiformis on the 
basis of their multiplication. However, in case of kasni, in both normal and 
deep ploughed fields, the population of all the nematodes except M. incognita, 
declined significantly. The nematode suppressant efficacy of kasni was 
observed even when it was grown intermixed with either berseem or rizka, 
thereby indicating the antagonistic nature of this crop towards the population of 
various plant-parasitic nematodes. 
The nematode controlling efficacy of growing kasni with either berseem 
or rizka greatly enhanced when differeni beds were also treated with various 
organic amendments/nematicides. Carbofuran iii combination with inorganic 
fertilizer was found to be most efficacious followed by phorate and inorganic 
fertilizer against the nematodes. It was followed in order of efficiency by neem 
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cake, castor cake, groundnut cake, neem leaves and castor leaves respectively. 
This integrated approach was found to be more effective in deep ploughed 
fields (30 cm deep). 
The results indicated that the reduction in the nematode population had a 
positive correlation with the improvement in the fodder yields of various 
antagonistic crops. The beneficial effects of all the treatments particularly the 
oil cakes and combined action of nematicides and inorganic fertilizer persisted 
in the next growing season i.e., after a lapse of 5-8 months when a susceptible 
tomato cv. 'K-25' {Lycopersicort esciilentum) crop was grown in the same 
fields without giving any further treatments. The residual effect of neem cake 
was most pronounced both with respect to control in the nematode population 
as well as in the improvement of plant growth. 
Thi-ough a series of various glasshouse experiments it was observed that 
several organic additives when applied in the form of fresh chopped leaves of 
some selected plant species including Azadirachta indica. Eucalyptus 
citriodora, Ricinus communis, Melia azedarach, Callistemon lanceolatus, 
Tagetes patula, Clerodendrum inerme and Thuja orientalis, at two different 
doses (50g and lOOg/pot) were highly effective in reducing the populafion 
densities of naturally occurring plant-parasitic nematodes {T. brassicae, 
Hoplolaimus indicus, R. reniformis, T. filiformis and Helicotylenchus indicus) 
and'the root-knot incidence caused by M incognita in tomato cv. 'K-25', chilli 
cv. 'Pusa Jawala' and okra cv. 'Saimla'. However, the efficacy of these 
chopped plant leaves varied from nematode to nematode. The reduction in the 
nematode population and root-knot development brought about simultaneous 
enhancement in the plant growth characters of all the test crops. Among 
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various treatments, chopped leaves of Azadirachta indica were most and that of 
Thuja orientalis least effective. 
Similar results were obtained with the soil amendment of various neem 
parts/products (chopped leaves, seed powder and oil cake) alone and in 
combination with carbofuran and phorate. The combined influence of all the 
treatments significantly reduced the population densities of different plant-
parasitic nematodes and root-knot development of M. incognita on tomato cv. 
'K-25', chilli cv. 'Pusa Jawala' and okra cv. 'Saimla'. This reduction brought 
about significant improvement in various plant growth characters. However, 
among different treatments the combined application of neem cake and 
carbofuran was found to be most promising and effective. 
The various results obtained were worthwhile when the naturally 
infested field soil was treated with various oil cakes applied alone as well as in 
combination with a chemical nematicide, carbofuran. The population density of 
the nematodes was suppressed when plants were treated with different organic 
additives, however, oil cakes when combined with carbofuran were more 
effective in reducing nematode populations and enhancing the plant growth of 
all the test plants (tomato cv. 'K-25', chilli cv. 'Pusa Jawala' and okra cv. 
'Saimla'). These treatments were also found to be effective in improving 
various plant growth characters (plant length, plant weight, number of fruits 
and fruit weight) and reducing various nematode developing characters of root-
knot nematode (number of galls, number of eggmasses/g of root and soil 
population/200 cc of soil) in tomato cv. 'K-25', chilli cv. 'Pusa Jawala' and 
okracv. 'Saimla'. 
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Recently Godrej Soaps Ltd. has marketed a neem-based product with the 
trade name of 'Nimin' and has recommended it for urea coatings to prevent 
leaching of nitrogen. During various glasshouse experiments it was observed 
that urea coated with 'Nimin', neem-gold and oils of neem, castor and mustard 
were found highly satisfactory in reducing the population density of naturally 
occurring nematodes viz., M. incognita, T. brassicae, Hoploliamus indicus, R. 
reniformis, T. filiformis and Helicotylenchus mdicus on tomato cv. 'K-25', 
chilli cv, 'Pusa Jawala' and okra cv. 'Saimla'. Similar results were also 
observed in a separate study against the root-knot infestation caused by M. 
incognita on tomato cv. 'K-25', chilli cv. 'Pusa Jawala' and okra cv. 'Saimla' 
and thus bringing up a corresponding improvement in various plant growth 
parameters. 
In a related study carried out under field conditions to assess the 
nematotoxicity of chopped leaves, seed powder and oil cake of neem in 
combination with two nematicides against the soil population and root-knot 
infestation caused by Meloidogyne incognita on tomato cv. 'K-25', chilli cv. 
'Pusa Jawala' and okra cv. 'Saimla', it was observed that all the treatments 
either alone or in various combinations were effective in reducing the 
nematode development (as observed by counting the number of galls and 
number of eggmasses/plant) and soil population (after 45 DAP and 90 DAP) 
and thereby enhancing various plant growth characters (plant length, plant 
weight, number of leaves, number of fruits/plant and yield/kg/plot). However, 
the combined application of oil cake of neem and carbofuran was most 
efficacious in minimizing the nematode assault and thus favouring the plant 
growth. 
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Bare-root dip treatment of tomato cv. 'K-25'and chilli cv. 'Pusa Jawala' 
seedlings with extracts of leaves and oil cakes of neem and castor alone and in 
combination with a chemical nematicide, carbofuran, provided protection 
against the root-knot infestation of Meloidogyne incognita. A curative effect 
was also noted when roots of pre-infected seedlings were given a similar 
treatment. The suppression of root-knot development was greater in pre-
infected seedlings as compared to those inoculated after the dip treatment. Here 
again, the combined influence of both the oil cakes with carbofuran was more 
effective in comparison to the individual treatments and the neem extracts were 
more promising than that of castor extracts. 
During in vitro studies, the extracts of both undecomposed and 
decomposed oil cakes of neem, castor, groundnut and mustard were found to be 
highly deleterious to the root-knot nematode. However, the toxicity being more 
pronounced in decomposed extracts than the undecomposed ones. The toxicity 
of different extracts increased with an increase in the concentration and the 
exposure period. A similar trend was also observed when the water extracts of 
leaves of various plant species were tested against the mortality of different 
plant-parasitic nematodes. These extracts also inhibited the larval hatching of 
M. incognita and here again the efficiency of the inhibition in hatching was 
increased with increasing concentration of the extracts. 
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